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CUTYaLHi

YK(Y)-9

Crioco6eH NposIBIIATH MPEANPUUMYUBOCTD B TPOGECCHOHATBHOM
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KOMIIBIOTCPHBIX KOAOB JJIA ITPOCKTUPOBAHUA U daHAJIN3d
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I'oToBHOCTBIO K IIPOBECACHUIO (1)I/I3I/I‘ICCKI/IX SKCIICPUMCHTOB 110 33,[[3.HHOI>1
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OCHOBHBIX ITApaMETPOB 00BEKTOB HCCICOOBAHUA

MK(Y)-5.
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MK(Y)-7.
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MK(Y)-10.
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MK(Y)-11.

CrocoOHOCTRIO K KOHTPOJIFO 32  COOJIFOJICHHEM  TEXHOJOTHYEeCKOU
JIMCIUILIMHBI U 00CTY)KHBAHUIO TEXHOJIOTHYECKOTO 000y 10BaHHSI

MK(Y)-12.

['0TOBHOCTBIO K 3KCIUTyaTallud COBPEMEHHOTo (hru3ndeckoro obopynoBaHUs,
npuOOPOB U TEXHOJIOTUM

MK(Y)-13.

CnocoOHOCTBIO K OIEHKE SIICPHON M paJIMallHOHHON 0€30MacHOCTH, K OIIEHKE
BO3/ICHUCTBUS Ha OKpYXAloOIIyl0 Ccpely, K KOHTPOJIO 3a COONIOJEHHEM
HKOJIOTMYECKON 0€30IacHOCTH, TEXHUKU O€30MacHOCTH, HOPM M TNpPaBUI
IIPOU3BOACTBEHHON CAHUTApUU, II0KAPHOM, paJUallMOHHON U sAIEPHOU
0€301acHOCTH, HOPM OXpaHbl TPyJia

MK (Y)-14.

["'oTOBHOCTBIO pa3pabaThIBaTh CIIOCOOBI MPUMEHEHUS SIIEPHO-
OHEPreTUYECKUX, IUIa3MEHHBIX, JIA3EPHBIX, CBEPXBBICOKOYACTOTHBIX U
MOILHBIX UMITYJIbCHBIX YCTAHOBOK, 3JICKTPOHHBIX, HEUTPOHHBIX U TPOTOHHBIX
MIy4YKOB, METOJIOB SKCIIEPUMEHTAILHON (PU3UKU B PEILICHUN TEXHUYECKHUX,
TEXHOJIOTHYECKUX U MEIMIIMHCKHUX MpolIeM

MK(Y)-15

CnocoOHOCTBbIO K COCTaBJICHHMIO TEXHUYECKOW JOKyMEHTauuu (rpadukoB
paboT, MHCTPYKIUH, TUIaHOB, CMET, 3asiBOK Ha MaTepualibl, 000pYJOBaHUE), a
TaK)K€ YCTAaHOBJICHHOM OTUYETHOCTH IO YTBEPKICHHBIM (hopMaM




LEARNING OUTCOMES

Code
competencies

Name of competence

Universal competencies

UK(U)-1

Able to search, critically analyze and synthesize information, apply a
systematic approach to solve tasks

UK(U)-2

Able to determine the range of tasks within the set goal and choose the best
ways to solve them, based on current legal regulations, available resources and
restrictions

UK(U)-3

Able to carry out social interaction and realize their role in the team

UK(U)-4

Able to carry out business communication in oral and written forms in the
state language of the Russian Federation and foreign language(s)

UK(U)-5

Able to perceive the intercultural diversity of society in the socio-historical,
ethical and philosophical contexts

UK(U)-6

Able to manage his time, build and implement the trajectory of self-
development based on the principles of education throughout life

UK(U)-7

Able to maintain the proper level of physical fitness to ensure full-fledged
social and professional activities

UK(U)-8

Able to create and maintain safe living conditions, including in case of
emergencies

UK(U)-9

Able to show entrepreneurship in professional activities, incl. as part of the
development of a commercially promising product based on a scientific and
technical idea

General professional competencies

OPK(U)-1

Able to use basic knowledge of natural sciences in professional activities,
apply methods of mathematical analysis and modeling, theoretical and
experimental research

OPK(U)-2

Able to search, store, process and analyze information from various sources
and databases, provide it in the required format using information, computer
and network technologies

OPK(U)-3

Able to use modern information systems in professional activities, analyze the
dangers and threats arising from this, comply with the basic requirements of
information security, including the protection of state secrets

Professional competencies

PK(U)-1

The ability to use scientific and technical information, domestic and foreign
experience on research topics, modern computer technologies and information
resources in their subject area

PK(U)-2

The ability to carry out mathematical modeling of processes and objects of the
nuclear industry using standard methods and computer codes for design and
analysis

PC(U)-3.

Willingness to conduct physical experiments according to a given
methodology, compiling a description of ongoing research and analyzing the
experimental data obtained

PC(U)-4.

The ability to use technical means to measure the main parameters of research
objects

PC(U)-5.

Willingness to draw up a report on the completed task, to participate in the
implementation of research and development results

PC(U)-6.

The ability to use information technology in the development of new
installations, materials and devices, to the collection and analysis of initial
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data for the design of nuclear industry facilities

PC(U)-7.

The ability to calculate and design parts and assemblies of devices and
installations in accordance with the terms of reference

PK(U)-8

Readiness for the development of design and working technical
documentation, registration of completed design work

PC(U)-9.

The ability to control the compliance of developed projects and technical
documentation with standards, specifications, safety requirements and other
regulatory documents

PC(U)-10.

Readiness to conduct a preliminary feasibility study of design solutions in the
development of installations and devices

PK(U)-11.

Ability to control compliance with technological discipline and maintenance
of technological equipment

PC(U)-12.

Readiness for operation of modern physical equipment, instruments and
technologies

PK(U)-13.

The ability to assess nuclear and radiation safety, to assess the impact on the
environment, to monitor compliance with environmental safety, safety
regulations, norms and rules of industrial sanitation, fire, radiation and nuclear
safety, labor protection standards

PK(U)-14.

Willingness to develop ways to use nuclear power, plasma, laser, microwave
and high-power pulse installations, electron, neutron and proton beams,
methods of experimental physics in solving technical, technological and
medical problems

PK(U)-15

The ability to draw up technical documentation (work schedules, instructions,
plans, estimates, applications for materials, equipment), as well as established
reporting in approved forms
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Program Director
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ASSIGNMENT
for the Graduation Thesis completion
In the form of:

Bachelor’s thesis

(bachelor's thesis, thesis project/studies, master's thesis)
For a student:

Group Full name

0A92 Shtraukh Alexander Dmitrievich

Topic of research studies:

Analysis of operating parameters of the installation for the selection of boron isotopes

Approved by order of the director (date, number) Ne27-76/c from 27.01.2023

The deadline for the student to complete the studies | 05.06.2023
performed:

TECHNICAL TASK:

Initial date for research studies - Experimental values of HETP from

specific flow at different column diameters.




List of the issues to be investigated,

designed and developed

- Development of an algorithm for
calculating the parameters of the installation for the
separation of boron;

- Analysis of the effect of temperature on the
single separation factor, the effect of bulk nozzles
on the parameters of the installation and on the

separation hydraulics.

List of graphic material

- Presentation
— Block diagram of the calculation algorithm

Advisers on the sections of the final qualification study

(with indication of sections)

Partition

Adviser

Literature review

Vidyaev D.G., Poberezhnikov A.D.

Calculation of operating

parameters of the
rectification column

Vidyaev D.G., Poberezhnikov A.D.

Financial Management,
Resource Efficiency and

Energy Saving

Gasanov M. A.

Social responsibility

Perederin Yu.V.

Titles of sections that must be written in Russian and foreign languages

1. Literature review

2. Calculation of the distillation column

3. Financial management, resource efficiency and energy saving

4. Social responsibility

Dgte of issue of the assignment for the final qualification study on 94.04.2023
a linear schedule
The assignment was given by the supervisor / adviser:
Position Full name Academic degree, Signature Date
rank
Professor Vidyaev D.G. PhD 24.04.2023
Senior Lecturer Poberezhnikov A.D. 24.04.2023
The task was accepted by the student:
Group Full name Signature Date
0A92 Shtraukh Alexander Dmitrievich 24.04.2023
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KOHTPOJIS BUJ1 padoThl (McciIeI0BaAHM) 0asu1 pazaena
(moayist)
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Abstract

Bachelor’s thesis: 95 pages, 16 figures, 27 tables, 27 references, 1 appendix.

Keywords: boron isotopes, low-temperature distillation, NTSS, HETS,
nozzle hydraulic resistance, separation factor.

The object of the study is the operation parameters of the installation for the
separation of boron isotopes.

The purpose of this study is to determine and analyze the main parameters of
the installation for the separation of boron isotopes.

In the process of research, the principle of operation of a rectification
column, the classification of rectification columns, the properties of boron, its
production and application are considered. The influence of temperature on the
separation factor during boron rectification, the influence of the column diameter
on the HETP, the hydraulic resistance of the packing and the concentration of
boron withdrawal after the first column were analyzed, and the effect of the type of
nozzle on the hydraulic resistance was studied.

The structure of the study: Bachelor’s thesis consists of four parts.

In the first part, a review of the principle of operation of a rectification
column is given, their classification is given, the properties of boron, its production
and application are considered.

In the second, a description of the algorithm for calculating the parameters
of a rectification column for obtaining enriched B*° is presented, a description of
the developed web interface for calculating parameters is given, and the effect of
temperature, column diameter and packings on the parameters of the installation is
investigated.

The third part provides an economic calculation of the costs of the study, a
calendar work plan is drawn up.

In the fourth, labor protection and safety precautions were considered during

research study.
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Introduction

Boron isotopes are widely used in various branches of science and
technology, including nuclear power, medicine, and semiconductor manufacturing.
The separation of boron isotopes is a complex and costly process that requires high
precision equipment and experience. One of the most common separation methods
Is the rectification process, which is based on the difference in the vaporization of
boron isotopes.

For efficient operation of the rectification column, it is necessary to
determine the optimal parameters, such as temperature, pressure and column
diameter. These parameters affect the HETP, the separation factor, the number of
theoretical separation stages, on which the selection concentration and the number
of distillation columns depend. Analysis of these parameters will improve the
quality of separation and reduce the cost of the process.

Thus, the study of the operating parameters of a rectification column for the
separation of boron isotopes is of great practical importance and can be used to
optimize the process of separation of boron isotopes.

The purpose of this study is to determine and analyze the main parameters of
the installation for the separation of boron isotopes.

To achieve this purpose, it was necessary to solve the following tasks:

1. study the principle of operation of distillation plants for the separation
of binary isotopic mixtures, the properties of boron isotopes;

2. select the parameters of the boron isotope separation unit;

3. calculate a rectification column for the separation of boron isotopes;

4.  analysis of the obtained results.
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1. Literature Review

1.1. Rectification Column

A rectification column is a cylindrical vertical vessel of constant or variable
cross section, equipped with internal heat and mass transfer devices and auxiliary
units, designed to separate liquid mixtures into fractions, each of which contains
substances with close boiling points [1].

The classical column is a vertical cylinder, inside which there are contact
devices - plates or nozzles.

Nozzles and plates, which are contact devices, create conditions for a more
efficient (due to a multiple increase in the surface area of phase contact) interaction
between vapor and liquid. The contact of the flows of the gas and liquid phases
occurs under thermodynamically non-equilibrium conditions. The process of mass
transfer will stop if thermodynamic equilibrium is reached.

During the operation of columns, the task of maintaining their normal
operation mode is reduced to maintaining the scheduled values of the parameters -
temperatures, pressures, flow rates, levels - both by automatic control systems and

manually.

1.2. Principle of Rectification
Rectification makes it possible to achieve a sufficiently high degree of
separation of homogeneous liquid mixtures into components. Figure 1 shows a t-x-

y diagram that characterizes the essence of the processes that make up rectification.
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S2Y

Figure 1 - Image of the process of separation of a binary mixture by rectification
on the diagram t-x-y

Through heating the initial mixture of composition x; to its boiling point, a
vapor is produced that is in equilibrium with the liquid (as shown in Figure 1 at
pointb). The vapor can be extracted and condensed to obtain a liquid of
composition x, enriched in the low-boiling component (where x, > X;). Upon
heating this liquid to its boiling point t,, steam is produced (as presented in Figure
1 at point d). The condensation of this steam yields a liquid with an even higher
content of the low-boiling component, with a composition of x3, and so on. As a
result, a distillate which is almost pure with the low-boiling component can be
achieved. Similarly, by starting from a vapor phase that corresponds to a liquid
composition of x4, one can obtain a residue consisting almost entirely of the high-
boiling component.

The processes of rectification, usually carried out in compact apparatus -
rectification columns, allow for the complete and clear separation of mixtures into
their components. Rectification processes are carried out periodically or
continuously at various pressures, including atmospheric pressure, under vacuum
(for separating high-boiling substances), and under pressure greater than
atmospheric pressure (for separating mixtures that are gaseous under normal

conditions).
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A rectification column can be schematically represented as a number of
counterflow separating stages, the main characteristic of which is the
thermodynamic separation coefficient, which characterizes the efficiency of an

elementary act of separation of a separating element in a two-phase system [1]:

1-
0, =20 @
y(1-x)
wherex, y are the mole fractions of the target component in the liquid and vapor

phases.

1.3. Classification of Rectification Columns

Depending on the number of products obtained, simple and complex
rectification columns are distinguished. In the first, two products are obtained
during rectification. The latter are designed to produce three or more products.
They are simple columns connected in series, each of which separates the mixture
entering it into two components.

Depending on the pressure, rectification columns are divided into high-
pressure columns (up to 2 MPa), atmospheric (overpressure does not exceed 0.02
... 0.03 MPa) and vacuum (1.3 ... 10.6 kPa). The former is used in the processes of
stabilization of oil and gasoline, gas fractionation in cracking and hydrogenation
units. Atmospheric and vacuum distillation columns are mainly used in the
distillation of oils, residual oil products and distillers.

By design, rectification columns are divided into [1]:

- plate-shaped, in which contact occurs by bubbling steam through a layer of
liquid on special plates;

- nozzles, in which the contact occurs in the film mode on the surface of a
regular or irregular nozzles;

- rotary, in which contact occurs in the film mode between conical fixed and
movable plates rotating on the central shaft of the column.

The main type of high-capacity column apparatus are rectification columns

with bubbling trays, and, if the smallest pressure drop per theoretical separation
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stage is required, or when operating in a corrosive environment, columns with
packing.

According to the principle of operation, rectification columns are divided
into periodic (stepped) and continuous.

With continuous rectification, the separated mixture is continuously fed into
the middle part of the column, the distillate is taken from the reflux condenser, and
the residue depleted in the volatile component is removed from the bottom of the
column, the phlegm is fed to the upper part of the column for irrigation.

In periodic rectification, the initial mixture is placed in the lower part of a
column that is equipped with a heating device. The resulting steam rises to the top
and condenses in the dephlegmator (refrigerator). Part of the condensate, known as
phlegm, is returned to the upper part of the column for irrigation, while the

remaining liquid is extracted.

1.4.  Schemes of Rectification Installs for the Separation of Binary Mixtures
1.4.1. Continuous Installs

Rectification column 1 (Figure 2) contains a cylindrical body with contact
devices installed inside in the form of plates or packings. Vapors move from
bottom to top along the column, entering the lower part of the apparatus from the
exterior boiler 2, which is located outside the column, or directly under it, as
shown in Figure 2. This creates an upward flow of steam with the help of the
boiler, and the vapors pass through the liquid layer on the bottom plate. A
dephlegmator creates a downward flow of liquid.

The initial mixture is added to the liquid from the reflux condenser at some
distance from the top of the column, entering the so-called feed plate of the
column. To reduce the heat load of the boiler, the initial mixture is usually
preheated in the preheater 5 to the boiling temperature of the liquid on the feed
plate.

The feed plate, as it were, divides the column into two parts with different

purposes. In the upper part 1a (from the feeder to the upper plate) the vapors must
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be strengthened as much as possible, i.e. enriching them with a low-boiling
component so that vapors close in composition to a pure low-boiling component
are sent to the reflux condenser. Therefore, this part of the column is called
reinforcing. In the lower part 1b (from the feeder to the lower plate), it is necessary
to remove the low-boiling component from the liquid to the maximum extent, i.e.
exhaust the liquid so that a liquid close in composition to the pure high-boiling

component flows into the boiler. This part of the column is called exhaustive.

J
e Water
L-] 1§ “Water ¢ _»
fa —F=-1 ||
, o [
Water ; L1
vapor A
Con- -7
desate [~ ]
Initial mixture | Water ]

1 — rectification column (a — strengthening part; b — exhaustive part); 2 — boiler;
3 — dephlegmator; 4 — reflux divider; 5 — initial mixture heater; 6 — distillate
cooler; 7 — residue cooler; 8,9 — collections; 10 — pumps
Figure 2 — Scheme of a continuously operating distillation plant:

1.4.2. Intermittent Installations

In small-scale production, rectification plants of periodic action (as shown in
Figure 3) are utilized. The initial mixture is heated to boiling in the cube 1, which
is equipped with a heating device. The resulting vapors enter the rectification
column 2 under the lower plate, where they rise along the column and are enriched
with the low-boiling component. This depletion of the reflux flowing from the
reflux condenser 3 to the upper plate of the column occurs. Vapors from the
column are sent to the dephlegmator 3, where they are completely or partially

condensed. In the case of complete condensation, the liquid is separated by means
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of a divider 4 into phlegm and distillate. The final product (distillate) is cooled in
refrigerator 5 and sent to collection 6.

After the specified composition of the residue in the cube is reached, the
residue is drained, the cube is loaded with the initial mixture, and the operation is

repeated.

J
4

2] 5
:'_'_'11 ) il Water
]
I o2
——
ol p:4

, /1}'0"‘\ €~~

1 — cube; 2 — rectification column; 3 — dephlegmator; 4 — reflux divider; 5 —
refrigerators; 6 — distillate collectors
Figure 3 — Scheme of a periodically operating distillation plant:

1.5. Calculation of the Parameters of the Distillation Column
1.5.1. Material Balance

Let, according to the diagram in Figure 4, F kmol of the initial mixture enter
the column, the composition of which is x mol. proportion of the low-boiling
component. G kmol of vapor is removed from the top of the column, forming
phlegm and distillate after condensation. The amount of distillate obtained P kmol,
its composition xp mol. proportion of the low-boiling component. Reflux is
returned to the column for irrigation in the amount of @ kmol, and its composition

Is equal to the composition of the distillate (xo = X mole fractions). From the
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bottom of the column is removed W kmol of the remainder of the composition xw
mol. proportion of the low-boiling component.

Then the equation of the material balance of the column will be:

F+o=G+W (2)
Because the G=P + @, then
F=P+W (3)
Accordingly, the material balance for the low-boiling component:
Fx. = Px, +Wx,, (4)

61} :--
——

==y
oo =

_—
—

.

b -

-

1 — columnar; 2 — cube; 3 — dephlegmator
Figure 4 — To the compilation of the material balance of the rectification
column:

1.5.2. Working Line Equation
The equation of the working line of the reinforcing part of the column is
written as follows:

R Xo
= X+
R+1 R+1

y (5)
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In this equation Rl:tga = A — tangent of the angle of inclination of the
+

working line to the abscissa axis, and RXP1: B — the segment cut off by the
+

working line on the ordinate axis of the y-x diagram (Figure 5).

oo g A e — — e — — —————

{

=
P
&

)

o

Figure 5 - Construction of the working lines of the rectification column on the y-x
diagram

Dependence (5) is the equation of the working line of the exhausting part of

the column.

y = R+ f X+1—f
R+1 R+1XW’

(6)
where f =F/P.

=tga’ = A’ — tangent of the angle of inclination of the

In this equation R+
working line to the y-axis, and T?_—fl =B’ — the segment cut off by the working line
+

on the x-axis (Figure 5).

1.5.3. Minimum and Real Reflux Number
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For a given distillate composition xp, the value of the segment B cut off by
the working line of the strengthening part of the column on the y-axis depends only
on the reflux ratio R.

The driving force, expressed in vapor phase concentrations, is depicted on
the y-x diagram as a vertical segment between a given point on the working line
and the equilibrium line. For example, with a working line ab and a power entry
point (xg), the driving force is equal to yr -yr and is represented by a segment b”’.
As R decreases, point b moves along the vertical corresponding to the abscissa of
the point, which corresponds to the composition X, and the driving force decreases
until it vanishes (point b""). In this case, the working line cuts off on the y-axis the

maximum segment B"” =B__ , which, for a given xp, corresponds to the minimum

max !

reflux number Ryin:

XP
= 7
max Rmin +1 ( )
The minimum reflux ratio is given by the equation (8):
Rl A et (8)

Vi —Xe Vi —Xe

The rational choice of a real reflux number is a difficult task. This is
explained by the fact that the reflux number R ultimately determines the
dimensions of the apparatus and the flow rates of heat carriers. Consequently, the
capital costs and operating costs for rectification depend on the value of R.

Due to the complexity of the technical and economic calculation R, the
choice of the actual reflux number Ry is often made approximately. So, in the
calculations they are given by the ratio of the actual reflux number to the
minimum. This ratio is called the reflux ratio:

fr=g ©)

In most cases, the values of this coefficient fluctuate approximately within

1.04-1.5.
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1.5.4. Thermal Balance
For a continuous column (Figure 6), taking into account heat losses to the
environment:
Arrival of heat Heat consumption

With heat carrier in the boiler Qpoiter With vapors coming from the column

to the dephlegmator Qf = Gl
With original mixture Qr = Fig With the remainder Qw = Wiy

With phlegm Q¢ = @iy Losses to the environment Q)oses

1 - column; 2 — boiler; 3 — dephlegmator
Figure 6 — To the preparation of the heat balance of a continuously operating
rectification column:

Heat balance equation:
Qoiter T QF +Qp =Qr +Qy +Q, (10)
Substituting their values instead of Q and taking into account that
F=P+W, G=P(R+1) and ®=PR, get:
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Quoiter + (P +W )i + PRi. = P(R+1)1 + Wiy, + Qe (11)

Phlegm from the reflux condenser enters the column at its boiling point.

Therefore, the enthalpy of the vapors leaving the column | =i, +r,, where ro is

the heat of reflux evaporation.
Heat loss to the environment is usually expressed as a fraction of the heat

supplied to the boiler, i.e. accept Q, . = & Quoiter » Where, in the presence of good

thermal insulation, the coefficient is taken equal to 0.03-0.05.
Making the appropriate substitutions and solving for Qyx, get:
P(1—i.)+PRr, +W (i, —i,)

1- oses

Qboiler = (12)

The amount of heat Qgen taken away by the cooling water in the
dephlegmator depends on the amount of vapor condensing in it. With complete

condensation of the vapors leaving the column, find:
Qdeph:P(R+1)r@:P(R+1)(l —i(p) (13)
When condensing a part of the vapors corresponding to the amount of
phlegm returned to the column, get:
Quepn = PRI, = PR(I — i@) (14)

1.6. Calculation of Rectification Installs
1.6.1. Continuous Rectification of Binary Mixtures in Nozzle Columns

The steam velocity, referred to the entire section of the column, is selected
depending on the intended hydrodynamic mode of operation of the column.
Usually, as the initial value, the limiting steam velocity is calculated corresponding

to the «flooding» point, which can be determined by the formula:

) 018 v, A
|g Wch3apst [:uuq ] =-0.125 _1_75(£) Pst (15)
gSfrpqu M G Piiq
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whereW, is the steam velocity at the flooding point L and G — flow rates of liquid

and steam; p,, and p;,, u, and g, — density and viscosity of vapor and liquid,

respectively, Sg — nozzle free section, a — nozzle specific surface.

The column diameter is calculated by the general equation:

- JE (16
7T,

whereQ — steam volume flow, o, — fictitious, or reduced, steam speed.

When there is a significant difference between the fluid flow rates in the
strengthening and exhausting parts of the column, the diameter calculation must be
performed for each of these parts separately. This is because the exhausting part

typically requires a larger diameter than the strengthening part.

1.6.2. Continuous Rectification of Binary Mixtures in Tray Columns

The maximum allowable fictitious steam velocity for tray columns is
assumed to be slightly lower than the limit corresponding to the flooding point of
the trays (for columns operating under atmospheric and excess pressure), as well as
excessive liquid entrainment or pressure drop in the column (for columns operating
under vacuum). The maximum allowable fictitious steam speed is determined by

the general formula:

w_ —c [ Ps (17)
Pst
The C factor depends on the type of tray, distance between the trays, liquid
and vapor loads, and the physical properties of the phases.
In design practice, the working height of the column H, is most often
determined through the number ny of real plates according to the formula:
H,=(n, —1)H, (18)
where H; — distance between plates.
The number of actual plates ny for each part of the column is found by

constructing a kinetic curve or dividing the total number of transfer units for this
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part of the column by the number of transfer units per plate. The resulting number
of plates summed up and get the value of nq4 for the column.
The number of transfer units per plate is determined for the vapor and liquid

phases according to the additivity rule:

1 1 1 (19)
n, n, nA

1 1. A (20)
N, N  n

1.6.3. Periodic Rectification of Binary Mixtures

A feature of the calculation of periodically operating distillation columns
operating at R = const is that the reflux ratio and the number of transfer units (or
the number of theoretical stages) are determined for the initial or final moment of
the process. The calculation is usually carried out graphically in relation to the
change in concentrations in the range from (xp), to x¢ (for the initial moment) or
from (xp)x to xw (for the final moment), and the corresponding two boundary
concentrations must be specified. Taking arbitrarily intermediate values of

concentrations x;,, x? etc., draw parallel to each other the corresponding working

lines. For each position of the working line between it and the equilibrium line, a
constant number of steps is built, previously determined, and thus the
concentrations of the bottom liquid are found, corresponding to x;,, x/, etc.

The amount of bottom liquid Gw remaining in the bottom at the end of the

process is calculated using an equation identical to that for simple distillation.

1.7. Features of the Calculation of the Main Technological Parameters
Obtaining a high degree of separation of mixtures by the rectification

method requires large capital and energy costs. In this regard, it is important that

the calculation method allows finding the optimal values of the main technological

parameters (reflux ratio and the number of theoretical separation steps (NTS)),
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which are necessary to minimize these costs [3]. It is these parameters that are
decisive in carrying out the structural calculation of rectification columns.

Calculation methods used in practice for the separation of mixtures with
similar physical and chemical properties and isotopes are divided into analytical
and graphic. In the case of separation of such mixtures, these methods have
significant limitations: graphical methods introduce a large error due to the small
scale of the graphs used to determine the minimum reflux ratio and NTS of
separation, and use empirical corrections, while analytical methods without using a
computer are too laborious and require a large number of similar calculations and
significant calculation time.

The Underwood method is more often used to separate substances with
similar physicochemical properties and isotopes. In it, the minimum reflux value is

calculated by the formula:

Rmin _L(ﬁ_al_xpl (21)

Ca-1 Xg 1-Xxc
Underwood's method allows calculating the values of this parameter for
power flows in different phase states. This method is also often used in calculating
the technological parameters of the separation of multicomponent systems, for

which methods using the equation of the phase equilibrium curve are ineffective.

1.8. Boron Isotopes: Properties, Production and Application

Boron is a chemical element of group IlIl of the periodic system of
Mendeleev, atomic number is 5; atomic mass - 10.811; greyish-black crystals, pure
boron is colorless. Natural boron consists of two stable isotopes: °B (19%) and 'B
(81%) [4]. In addition to the two stable ones, 12 more radioactive isotopes of boron
are known, of which the longest-lived is 8B with a half-life of 0.77 seconds.

Two types of crystalline modifications of boron exist, with their crystal
structures having been completely determined through X-ray diffraction analysis.
These structures are complex, with boron atoms forming a three-dimensional

framework similar to carbon atoms in diamond, which is responsible for the high
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hardness of boron. However, the framework structure in boron structures is much
more complex than in diamond. The main structural unit in boron crystals are
icosahedrons, each of which has 12 boron atoms at its vertices. These icosahedrons
are interconnected both directly and through intermediate boron atoms. With such
a structure, boron atoms in crystals have different coordination numbers: 4, 5, 6,
and 5 + 2 (5 near neighbors and 2 more distant ones). Despite having only three
electrons on the outer shell of the boron atom (electron configuration 2s22p?), a
special type of covalent bond occurs in boron crystals, known as a multicenter
bond with an electron deficit. In ionic compounds, boron is trivalent. The density
of «amorphous» boron, which is obtained by reducing B,O3 with metallic sodium
or potassium, is 1.73 g/cm3. Pure crystalline boron has a density of 2.3 g/cm?, a
melting point of 2030 °C, and a boiling point of 3860°C. Boron hardness on the
mineralogical scale is 9, with microhardness at 34 GN/m? (3400 kgf/imm?).
Crystalline boron is a semiconductor, and under normal conditions, it conducts
electricity poorly. When heated to 800 °C, the electrical conductivity of boron
increases by several orders of magnitude, and the sign of the conductivity changes,
with electronic conductivity at low temperatures and hole conductivity at high
temperatures.

Under standard conditions, boron is generally chemically unreactive (it
reacts only actively with fluorine), with crystalline boron being less reactive than
amorphous boron. However, at higher temperatures, boron becomes more reactive
and can combine with oxygen, sulfur, and halogens. When heated in air to 700°C,
boron burns with a reddish flame, forming boric anhydride B,Os;, which is a
colorless glassy mass. When heated above 900°C, boron forms boron nitride BN
with nitrogen, boron carbide B4C3; when heated with coal, and borides when heated
with metals. While boron does not markedly react with hydrogen, its hydrides
(borohydrides) are indirectly obtained. Boron interacts with water vapor at high
temperatures: 2B + 3H,0 = B,03 + 3H,. At ordinary temperatures, boron does not
dissolve in acids except for concentrated nitric acid, which oxidizes it to boric acid

HsBOs. Slowly, boron dissolves in concentrated alkali solutions, forming borates.
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In industry, borax is obtained from natural borates by fusion with soda.
When natural boron minerals are treated with sulfuric acid, boric acid is formed.
From boric acid H3BO3, oxide B,Os is obtained by calcination, and then it or borax
Is reduced with active metals (magnesium or sodium) to free boron [5]:

B,O; +3Mg = 3MgO + 2B (22)
2Na,B,0,; +3Na =B + 7NaBO, (23)

In this case, amorphous boron is formed in the form of a gray powder. High-
purity crystalline boron can be obtained by recrystallization, but in industry it is
more often obtained by electrolysis of molten fluoroborates or by thermal
decomposition of BBr3; boron bromide vapor on a tantalum wire heated to 1000
1500 °C in the presence of hydrogen:

2BBr; +3H, = 2B + 6HBr (24)

The main areas of use of stable isotopes of boron are nuclear power,
scientific research, the semiconductor industry and medicine.

Due to the ability of B to absorb thermal neutrons, it is used to make
control rods for nuclear reactors, which serve to stop and slow down the fission
reaction. Boron in the form of gaseous BFj; is used in neutron counters. When '°B
nuclei interact with neutrons, charged a-particles are formed, which are easy to
detect; the number of a-particles is equal to the number of neutrons entering the
counter:

B+ on=4Li+ (25)

Boron and its compounds are used as dielectrics and semiconductor
materials.

Small amounts of boron are added to steel and some alloys to enhance their
mechanical properties. The addition of 0.001-0.003 % boron to steel significantly
improves its strength. Ferroboron, an iron alloy with 10-20 % boron, is used to
introduce boron into steel. Saturation of steel parts with boron on the surface not
only improves the mechanical properties but also enhances the steel's resistance to

corrosion.

32



The heavy boron isotope ''B is used in reactor construction to create heat-
resistant and corrosion-resistant structural materials that do not absorb neutrons.
The presence of a nuclear magnetic moment in this isotope makes it possible to use
it in NMR spectroscopy.

The use of boron isotopes in reactor construction is based on the use of
differences in their nuclear properties and, in particular, the features of the
interaction of the '°B isotope with neutrons. Reaction (1) is characterized by a high
effective thermal neutron capture cross section [6].

The boron isotope has the following advantages as a neutron absorber [7]:

1. Availability.

2. When neutrons are absorbed by boron, no strongly penetrating y-
radiation. This is due to the small cross section (n, 7/) -reaction of boron isotopes.
3. Reaction cross section B™(n,«)Li’” has no resonances in the

suprathermal region (Figure 7). Therefore, boron neutron absorbers are very

effective in a fairly wide energy range.
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Figure 7 — Reaction cross section B* (n,a)Li’ [4]

These advantages of boron open up wide possibilities for using various

boron-containing materials in reactor construction: boron steels, borides, boron

33



carbide, etc. The efficiency of these materials increases significantly when boron
pre-enriched in the !°B isotope is used in them.

In the reactor industry, '°B is mainly used as an integral part of the rods that
control the rate of nuclear processes in the reactor and is currently mainly used in
the control rods of thermal neutron reactors. In this case, due to the limited volume
of the reactor core, it is necessary to solve the problem of reducing the size of the
control rods while increasing their absorption capacity with respect to neutrons.
This problem is successfully solved by using highly concentrated '°B in the form
of cermets of boron carbide with alumina [8].

1B in the form of boric acid solutions is used at nuclear power plants in
pressurized water reactors LWR and PWR to smoothly control the reactor power
during the campaign and equalize the energy release in the core to transfer the
reactor to a subcritical state during shutdown for fuel refueling, as well as in
emergency systems cooling.

In recent years, there has been increasing interest in structural materials
containing '°B as neutron absorbers, particularly in iron-containing alloys. This is
due to the need to use such materials in the production of sealed (dry) storage
facilities and containers for transportation and long-term storage of nuclear fuel
waste, as well as in addressing the problem of protecting nuclear fuel during its

transportation.
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3. @UHAHCOBBIA MEeHEIKMEHT, pecypco3(pPeKTUBHOCTDH U

pecypcocoepexeHHe

Jlarnnass BKP HanpaBiena Ha ucciaenoBaHue apaMeTpoB padOThl YCTAaHOBKH
0 pa3/IeNICHUI0 U30TOOB Oopa.

Ilenpt0o maHHOTO pasaenia SBIAETCS TPOSKTHPOBAHWE W CO3/JIAHHE
KOHKYPEHTOCTIOCOOHBIX Pa3pabOTOK U TEXHOJOTHIA, OTBEUAIOIINX MPEAbIBISIEMbIM
TpebOoBaHUSIM B 00J1acTH pecypcodd(HEKTUBHOCTH U peCypcocOepeKeHusI.

JlocTikeHue 1eau 00ecnednBaeTcsl peleHueM 3a/1au:

— pazpaboTka oOmeld SKOHOMHUYECKOW HJAEH IMpoeKkTa, (popmMupoBaHue
KOHIICTIINH ITPOCKTA;

— opraHu3amys padoT M0 HAyYHO-UCCIIEI0BATEILCKOMY TTPOCKTY;

— ompeAciiecHHE BO3MOXKHBIX  QJIBTCPHATHB  IPOBEICHUS  HAYUYHBIX
HCCJICIOBAHUN;

— IJIAHUPOBAHKME HAYYHO-HUCCIEA0BATEIIbCKUX PadoT;

— OIIEHKM KOMMEPUYECKOro IMOTEHIMajda M TEePCIEeKTUBHOCTH MPOBEICHUS
Hay4YHBIX UCCIIEOBAHUM c MO3ULINHT pecypcorhHEeKTUBHOCTH u
pecypcocOepeKeHuUS;

— ompenereHHUE pecypcHo  (pecypcocOeperaromieii), (GpuHAHCOBOM,

OFOJIKETHOM, COIMATHOW U 9KOHOMUYECKOU dPPEKTUBHOCTH UcciieoBanus [15].

3.1. AHa/JIU3 KOHKYPEHTHBIX TEXHMYECKHUX pelieHuii

AHaJIN3 KOHKYPEHTHBIX TEXHUYECKHX PELICHUH IO3BOJISIET CBOEBPEMEHHO
BHOCUTh KOPPEKTUPOBKM B TPOEKT, UYTOOBI yCHEIIHEe MPOTHUBOCTOSThH
KOHKypeHTaM. [loCKOJIbKy pbhIHKA NpeObIBAalOT B TOCTOSTHHOM JBHYKEHUH,
HEO0OXOIMMO TIEPUONIECKU MPOBOAUTH TaKoW aHanu3. [IpoBeneHHBIN aHAINA3 JIsI

pa3pabOTaHHOM POrPaMMbI Ha TEKYIIIU MOMEHT MPEACTAaBJICH B Ta0IUIIE 4.
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Tabmuua 4 — OueHouHas KapTa Il CPAaBHEHUSI KOHKYPEHTHBIX TEXHUYECKUX

peuieHuil (pa3paboToK)

Kounkypenrtocmo
banabl
Kpurepuu oueHkun Bec kpuTepust COOHOCTH
by | b |be| Ky | Ka | Ka
1 2 3 4 | 5 6 7 8

TexHu4YecKue KpUTEPUU OLIEHKHU pecypcodPPexkTUBHOCTH

1. CnoXHOCTB peasn3aIiuu 0,1 5 4 |4 105,04 04
2. be3zomacHocTh 0,2 5 4 | 3 1 0,8 1| 0,6
3. Hagexxuocts 0,2 3 4 |4 /06|08 0,6

JKOHOMHUYECKHE KPUTEPHHU OLeHKHU 3P PEeKTHBHOCTH

1.
KonkypeHTococoOHOCTh 0,2 3 /32|06 |06 | 04
MeToja
2. 3aTparsl Ha

0,2 4 14 ,3,08|08]| 06
TIPOU3BOJICTBO
3. Ilpenmonaraempiii CpoOK

0,05 4 1414 102|02]| 02
IKCIUTyaTallH
4. duHaHCUpPOBaHUE

0,05 2 (3101015 0,05
IPOM3BOCTBA
Hroro 1 3,8 [3,75] 2,85

AHaJIN3 KOHKYPEHTHBIX TEXHUYECKUX PEIICHUM orpesensercs no Gpopmye:

rie K — KOHKypeHTOCTIOCOOHOCTh Pa3padOTKH,

K=Y BB,
i

(47)
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Bi — Bec nmokazatens (B 10JSX €IUHUIIBI);

b — 6amn I-ro mokasareis.

Ha ocHOoBaHMM mpOBEIEHHOTO aHaIM3a MOXHO CJeJaTh BBIBOJ, YTO aHAJHU3
mapamMeTpoB paOOThl YCTAHOBKHM I10 PAa3JCIICHHIO M30TOIOB Oopa HUMeeT

NpEuMyIcCTBO B CJIOKHOCTHU pcain3alii U 0e3011aCHOCTH.

3.2. SWOT-ananu3
st mpoenernss SWOT-ananu3a cHavaia ONMpENeuM CUIbHBIE U CIIa0bIe
CTOPOHBI, BO3MOXHOCTH ¥ YTPO3bI ITPOEKTa. Pe3ynbTar mpecTaBieH B Tadbuuie S.

Ta6numa 5 — Marpuma SWOT, nepBblit aTan

CuiibHbIE CTOPOHBI IIPOEKTA: Cia0ble
CTOPOHBI
Cl. Huskas cTOMMOCTB aHau3a. P
NpoeKTa:
C2. be3omacHOCTh HCCIIEIOBAHMS.
Cul.
C3. TexHumueckags  mpocToTa
Hanexxnoctb
OCYLLIECTBJIEHUS METOAA.
yit A aHaIu3a.

Bo3moxuocTn:

B1l. Bo3pacranue cnpoca Ha
TEXHOJIOTUIO HU3-3a IMPOCTOTHI

peanu3alum.

B2. Bo3MOXHOCTb BHEAPEHHUS

B MAaCCOBBIC IIPOU3BOJICTBA.

Yrpossi:

V1. OrcyrctBHE crmpoca Ha

TCXHOJIOTHIO.

B tabnume 6 mpencraBieHa MHTEPAKTUBHAS MaTpHIla MPOEKTa, B KOTOPOM

IMOKa3aHO COOTHOICHHEC CHUJIBHBIX CTOPOH C BO3MOXXHOCTAMH U ca0BIX CTOPOH C
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yrpo3amMu, 4YTO TIO3BOJIsIeT Oosiee TOAPOOHO PAcCMOTPETh MMEPCIEKTHBBI
pa3paboTKHu.

Tabmuma 6 — Marpuria SWOT, BTopoii atamn

B03MOKHOCTH CusbHBIE CTOPOHBI IPOEKTA
IpOeKTa Cl 2 C3
Bo03MOKHOCTH CnaOble CTOpPOHBI IPOEKTA
pOeKTa Cal
B1 -
B2 -
Yrpos3sl CunbHbIE CTOPOHBI IPOEKTA
IpOEKTa Cl 2 3
Yrpo3sl Cnabple CTOPOHBI IPOEKTA
IIpOEKTa Cal
Vi -

B wmatpuiie nepeceueHuss CHIBHBIX CTOPOH U BO3MOXKHOCTEH HMeEET
ONpENENeHHBI pe3yibTaT: «+t» — CHUIbHOE COOTBETCTBHE, «-» — claboe
COOTHOIIIeHHE, «0» — €CclIi eCTh COMHEHUS B TOM, YTO IMOCTABUTh «1» WIIH «-».

Nrorosas matpunia SWOT -ananu3za npuBeaeHa B Tabmuiie 7.
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Ta6nuna 7 — Utorosas matpuria SWOT

CuiibHbIE CTOPOHBI MIPOEKTA:

Cia0ble CTOPOHBI

NPOEKTA:
Cl. Huskas croumocts | P
aHaIMu3a. Cnl. HanpexHocTb
aHanusza.
C2. bezonacHocTh
UCCIICOBAHUS.
C3. TexHuueckas mpOCTOTA
OCYLIECTBIIEHUS METO/A.
Bo3mo:xkHoCTH: 1. [IpocroTa B | 1. Hanexnocts
WCIIOJIb30BAaHUM  TIOJYYEHHE | aHAlIM3a  MOXKET
B1. Bo3pacranue crnpoca Ha
pe3yJIbTaTOB B KOPOTKOE | OTPULIATENBHO

TCXHOJIOI'NIO N3-3a IIPOCTOTHI

BpeMsi, o0Jeryaer

IIOBJIMATH HA

peanu3anuy.
B2. B03MOXHOCTB | BHEpEHNUE METOAUKHU B | BO3MOXXHOCTb
BHEJIDEHUSI B  MAacCOBBIE | MACCOBOE ITPOU3BOJICTBO. BHEJIPEHUS B
IIPOU3BOJICTBA. MaccoBOE
MPOU3BOACTBO.
Yrpo3sbr: 1. HeOGonbmme Ttparel wu3-3a | 1. OnacHble
BO3MOXHOCTH  BIIMSHUS  Ha | (haKTOpPBI u
V1. OrcyrcTBHE cnpoca Ha
IpOLECC MOBBICAT CHPOC HA | OTCYTCTBHE
TEXHOJIOTHIO.
TEXHOJIOTHIO. BbIPaOOTaHHOMN
METO/IMKH,
CBSA3aHHBIE c

HOBHU3HOM METOA,

MOTYT CKa3aTbCAa
Ha
3aMHTEPCCOBAHHOC

TH UHBECTOPOB.
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Takum o0pa3om, Ha ocHOBe pesynbraToB SWOT-aHanu3za MOXKHO caenaTh
BBIBOJI O TOM, YTO TPYAHOCTH U MPOOJEMBI, C KOTOPHIMU TaK WM MHAYE MOMKET
CTOJIKHYTbCS JIaHHBIN HCCJIEI0BATEILCKUI MPOEKT MOXKHO OYJET PEelIUTh 33 CUET

MMEIOIINXCS CUIIBHBIX CTOPOH pa3padOTKU.

3.3. IlnanupoBaHue MpoeKTa

Pabota 1o TeMe BKItOUaeT B ce0sl CIASAYIOIIUE ATAIbI:

1)  CocraBieHHE TEXHHYECKOTO 33 JaHUS;

2)  Uzydenue nmpoOieMbl, 0030p JUTEPATYPHI;

3)  KanmenmapHoe miaHupoBaHue padoT;

4)  OmnpexesneHUe MapaMeTPOB YCTAHOBKHY;

5)  IlpoBeneHue aHaim3a mapaMeTpoB pabOTHI YCTAHOBKHY;

6)  AHaiM3 MOJlyYEHHBIX PE3yJIbTATOB,;

7)  OdopmicHue oTUETA.

JI71s1 BBIMOJIHEHMS BBIMYCKHOM KBalu(PUKAIIMOHHOW paboThl chopMupoBaHa
pabouas rpymnmna, B COCTaB KOTOPOH BXOSAT Hay4YHbIN pyKOBOJIUTEINb U CTYJCHT.

JUist ontuMuzanuu paboT yIO0OHO UCHOJIb30BaTh KIACCUYECKUNW METOA
JUHEWHOTO TUTAHWPOBAHUSA W yTMpaBieHHs. Pe3ynpTaToM Takoro MIaHUPOBaHUS
SBJIIETCS COCTaBJICHHE JIMHEHHOro rpaduka BbINOJHEHHs Bcex pabot. Pacuer
napaMeTpoB JIMHEHHOro rpaduka TpeOyeT omnpeaesaeHus MPOoA0IKUTETLHOCTH
pabot. [Ipu OoTCyTCTBMM HOPMATHUBOB BPEMEHHU Ha MPOBEACHUE OTIEIbHBIX BHIIOB
paboT MCHONB3YIOTCS BEPOATHOCTHBIE OLIEHKH. [lopsiok cocTaBieHuUs: 3TarnoB U
paboT npuBejieH B Tadule 8.

Tabmuma 8 — [lepedyens 3TanoB, paboT U pacmnpeeIeHHe HCTIOTHUTENCH

Ne JlosKHOCTD
OcHoOBHBIE ITAIBI Conepxxanue pador
pao HUCIIOJTHUTEJIS
CocraBneHue TeXHUYECKOIro HAy4HbIN
Pazpabotka 3amanust | 1
3a1aHus PYKOBOJUTEIb
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[Iponomxenue TabIUIIbI 8

N3yuenue npobaeMbl, 0030p
Bri6op 2 CTYJIEHT
JTUTEPATYPHI
HaIpaBJICHUS
. Kanennmapnoe manupoBanue
UCCJIEI0BAHUM 3 CTY/IeHT
pabot
HAY4YHBIN
OmnpeneneHue napameTpoB
4 PYKOBOJIUTEIIb,
YCTaHOBKHU
CTYJICHT
Teopetnueckue u
HAyYHBIN
AKCIIEPUMEHTAJILHBIC [IpoBenenue ananmsa
5 PYKOBOJUTETD,
WCCIICTOBAHMSI rmapamMeTpOB paOdOTHI YCTaHOBKH
CTYJICHT
AHanu3 Moxy4YeHHbIX
6 CTYJICHT
pe3yJIbTaToB
O6006u1eHne 1
7 Odopmrnenue oTyera CTYECHT
OIICHKA PE3yJIbTaTOB

3.3.1. Onpeoenenue mpyooemkocmu 6blnoJIHEHUS NPOEKMA

Jist onTuMu3anuu paboOT MCHOJb3YEM KIACCUYECKHM METOJ JMHEHHOro
IUIAHUPOBAHMUSI W YIpaBJICHUS, B pe3yJbTaTe COCTABUM JIMHEMHBIN rpaduk
BBITIOJTHEHHUS BCEX padoT.

Jlns  ompeneneHus TPYIOBBIX 3aTpaT CcHadaja HEOOXOAMMO 3a1aTh
MUHHAMAJIBHO BO3MOXHYIO TPYAOE€MKOCTb BBINOJHEHUS 3Tana M MaKCHMAJIBHO

BO3MOXKHYI0, TOTa OXKHUaeMasi TPYJ0EMKOCTh onpeensieTcs no popmyie:

to:»ci — Stmini —thmaXi (48)

[IponomxuTensHOCTh pabOThl B pabOUMX JHSIX OMPEAEINSETCS CISAYIOUIUM

obOpazom:
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tO.?lCi
Tpi = T (49)

i
rac Y — 4YUCIEHHOCTh I/ICHOHHHTGJIeﬁ, BBIINTOJHAIOIINX OJHOBPCMCHHO OIHY H

Ty K€ paboTy Ha 3Tare, 4ell.

3.3.2. Paspabomka zpaghuxa nposeoenus BKP

[Tockonpky BKP siBnsiercsi cpaBHUTENBHO HEOONBIIMM, TO ONTHMATbHBIM
SBJIIETCS. NOCTPOEHUE JIEHTOYHOIO rpaduka mpoBeAeHUs padoT, 1 Oojbluen
HarmsgHocTd W yaoOcrtBa. Jlumarpamma T'anta  mpencrtaBisieT  coOoi
TOPU3OHTAJIBHBIM  JIEGHTOYHBIM TpaduK, HA KOTOPOM pabOThl 1O TeMe
IIPEACTABIIAOTCS NPOTSKEHHBIMU BO BPEMEHH OTPE3KaMH, XaPaKTEPU3YIOIIMMHUCS
JlaTaMU HavaJla 1 OKOHYAHHUS BBITIOJHEHUS TAHHBIX padoT.

[lepen moctpoeHueM auarpamMmbl ['aHTa ompenenuM JIIUTENbHOCTH padoT
KQKJIOTO 3Talna B KAJICHIAPHBIX AHAX. BbIUMCIIEHME HAauyMHAETCA C ONPEICICHUS

ko3 puIeHTa KaleH 1apHOCTH:

Tean

Kan _TBbLX “inp

rac TKaﬂ — KOJIMYCCTBO KAJICHIAPHBIX I[HCIZ B roay,
TBHX — KOJIMYCCTBO BBIXOJHBIX I[Heﬁ BTrony,

Tup — KOJIMYECTBO MPA3AHUYHBIX JHEU B TOLY.

366

K= 366-104-14

=1,478

3Has  Kod(PPUITMEHT, MOXKHO ONPENCIUTh JUIMTEIBHOCTH padboT B
KaJICHIAPHBIX JTHSX:

T.=T,k (51)

Hcnonb3ys BbllIeyKa3aHHble (OpMybl, O0(GOPMUM BBIYUCICHHE B BHUJE

TabmuIb! 9.
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Tabnuua 9 — BpemeHnHble mokaszaTesiv MpoBeACHHs HHXXEHEPHOTO IIPOEKTa

TpynoemkocTsb pador JAauTeIbHOCTH
JIanuTebHOCTH
padorT B
t t o pador B
Qran| ™" meo o MenoanuTenn KaJeHIapHBIX
padoumnx JHAX
yen- | yei- | 4el- THSIX
IHU | JHH JTHU Toi
Tki
1 2 3 2,4 H.p. 2,4 4
2 5 7 5,8 C. 5,8 9
3 4 6 4,8 C. 4,8 8
4 7 12 9 H.p.tc. 4,5 7
5 5 7 5,8 H.p.tc. 2,9 5
6 6 14 9,2 C. 9,2 14
7 7 10 8,2 C. 8,2 13
Hroro 60

Ha ocHoBanum TaOIMIIBI

npejcTaBiieHa B Tabsuiie 10.

9 mnocrtpoeHa nuarpamma l'aHra,

KOTOpast
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Tabmuma 10 — Kanengapueriii uran-rpaduk (quarpamMma ['anTa) mpoBeaeHUs TPOCKTa

HpOI[OJI)KI/ITeJIBHOCTB BBIIIOJIHCHU A pa60T, HEOCIIA

No Bun pabor WUcnonuutenu | Tk, Kal. OH. arpesib M
2 3 1 2
1 | CocraBieHue 3agaHus H.p. 4
2 | N3yuenue npobiaembl, 0030p TUTEPATYPHI c. 9
3 | KanengapHoe rmiiaHupoBaHue padoT C. 8
4 | OnpeneneHue mapaMeTpoOB yCTaHOBKU H.p.tC. 7
[IpoBeneHue anamm3a mapaMeTpoB paboTHI
5 H.p.tC. 5
YCTaHOBKH /
6 | AHamu3 NOJTYYEHHBIX PE3yJIbTaTOB C. 14
7 | Odopmitenne oryera c. 13
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3.4. Bloaxer npoekrta
bromkeT mpoekTa CKiIaAgplBaeTCs M3 MaTepUAlIbHBIX 3aTpaT, OCHOBHOM
3apaboTHOM 1aThl ucnoaauTener BKP, oruncnennii Bo BHEOIOKETHBIC (POHITBI U

HaKJIAIHBIX PACXOd0B.

3.4.1. Mamepuanvnuie 3ampamot

Pacuer MaTCpHUaJIbHbBIX 3aTpaT IPOBOAUTCA 110 (1)OpMy.TI€:
m
CM :(1+ kT)ZHI 'Npacxi ) (52)
i=1

rie M — KOJMYECTBO BUJOB MATEpPUAIBHBIX PECYypCOB, MOTPEOJISEMBIX MPHU
BeinojiHenuu BKP;

Npacxi — KOJMYECTBO MAaTEpUAIBHBIX PECYpCOB, IUIAHUPYEMBIX K
MCIIOJIb30BaHuUIO NpH BeinojiHeHNU BKP;

L]i — neHa MaTepHallbHOTO pecypca 3a eIMHULLY;

kr — KO3 HUIMEHT, YYUTHIBAIOIIUN TPAHCIOPTHO-3arOTOBUTEIbHBIC
pacxo/ibl, 3Ha4€HHUE KOTOPOTro Bapbupyetrcs ot 15 10 25 %.

3aTpaThl Ha 3JIEKTPOIHEPTUIO PACCUUTHIBAIOTCS CIIETYIOLIUM 00pa3oM:
C=0,, -PF,, (53)

rne  I[],, — Tapud Ha snextposHepruto, ans Tomcka Ha 2022 rox Ttapud
coctasiser 3,85 py6./(kBt-4);

P — wmomHocTh 000pyJOBaHUs, y HCHOJB30BAHHOTO O0OpPYI0BaHUS
MOTMIHOCTh TTuTanus paBHa 180 Bt (HoyTOyk) u 6 kBT (TpyOuaTas neyn).

Fos — BpeMmsi ucmosib30BaHUsI 000pyAOBaHUs, BpeMs HcIoyib3oBaHus 408
(HoyTOYK) 1 40 4 (TpyOUaTas neys) 4acos.

Pacuer:

C =3,85-(0,18-408+6-40) =1206, 74 py®.

60



Ta6nuna 11 — MarepuanbHbie 3aTpaThl

HaumenoBanue | KouauvectBo, mt. | Ilena 3a ex., pyo. Cw, pyo.
bymara A4 1 250 250

DIIEKTPOIHEPTHUs 313,44 3,85 1206,74

Hroro 1456,74

3.4.2. 3ampamul Ha cneyuaivbHoe 000pyoosanue
[Tpu Beimonnennu BKP ucnons3oBaics HOyTOyK /uis pacueToB. Paccuntaem

CYMMY aMOPTHU3allMOHHBIX OTYHMCJICHUM:

n H, gt
Cazzllﬁaﬂ@ &'t (54)
1=1 Y

rae L[s2n — CTOUMOCTB BU1a O0OPY/IOBAHUS;

H, — HOpMa rog0BbIX aMOPTU3ALMOHHBIX OTUYUCIIEHUN;

gi — KOJIMYECTBO €UHUI] 000PYOBaHUS;

t — Bpems paboThl 000pYI0BaHNS;

D,y — 3 pexTuBHBIN HOHI BpeMeHH paboThl 000PYAOBAHNS;

B pabGore cnenobopymoBanueM siBisieTcs HOYTOyK croumocthio 50000

pyouneii. Hopma amoptuzamuu 25 %. Bpemst ucnosnb3oBaHusi 000pyaoOBaHUs
51-8/24 = 17 nueit.

c —0.25-50000117

; >e1 846,61 pyb.

3.4.3. 3apabomnas nnama ucnoannumeneit BKP

3apabotHas miata ucnoiaHutened BKP cknaapiBaeTcs U3 OCHOBHOW U

JIOTIOJIHUTEIILHOM
Ci=3+ 300n (55)
OcHOBHYI0 3apa0OTHYIO IJIATy MOXHO OMPENEIUTh TaK:
Boen = 3aH T pa (56)

rae 3 — CpeIHeIHeBHas 3apaboTHas riaTa pabOTHHKA;
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Tpas — IPOAOIKUTENBHOCTD padoT.

CpennenneBHas 3apaboTHas 11ata paboTHUKA orpeaensercs no hopmyre:

3, M
3, = WF— (57)
A

rae 3y — MeCSYHBIN JOKHOCTHOM OKJIaJ pabOTHHUKA;

M — KonudecTBO MecslleB pabOoThl 0e3 OTMycka B TEUEHHE Toja
(10,4 mecsma, npu oTiycke B 48 pabounx JTHEH, 6-THEBHAS HEEIS);

F 1 — pacueTHslii rosioBo# ¢hoHA paboyero BpeMeHu MepcoHala.
Ta6nuna 12 — PacuetHslii ro1oBoi GoHI pabovyero BpeMeH!

IHoka3aresn pado4yero BpeMeHH PykoBoauresns | CryaeHT
KanenmapHoe uncno nuei 365 365
KonuuectBo Hepabouux aHen
-BBIXOJHBIE JHU 52 52
-IIpa3AHUYHBIE JTHU 14 14
[ToTepu pabouero BpemMeHU
-OTITyCK 48 48
-HEBBIXOIBI 10 00JIE3HU - -
JeiictBuTenpHbli  rogoBoi  (oHA ~— pabouero

251 251
BpEMEHU

Pacuer cpennenHeBHOM 3apaOOTHOM IJIaTHl 1 OCHOBHOM 3apaOOTHOM ILJIaThI

JUUIS HAYYHOTO pykoBoauTeNs (okiaa npodeccopa, qokropa Hayk 52700 pyo.):

_6851010,4
T 251

3, =2838,7-16=45419,2 py6.

3, — 2838,7 pyo6.

JUis  ctyneHta (mpu pacyerax IMPUHUMAETCSA, YTO OKJIaJ CTYyAEHTa

MIPUHUMAETCSl PpaBHBIM MUHUMAJILHOMY pa3Mepy oruiaTel Tpyaa 13890 pyo6.):
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30H -

_18057-10,4

251

=748,2 py0.

3., =748,2-56=41899,2 py6.

Tabnuna 13— Pacyet ocHOBHO# 3apaO0OTHOM TUIATHI

T,
HUcnonnurenu | 3y, pyo. Kp 3ms PYO. | 3uu, PYO ’ 3ocns PYO.
pao.aH.
Hayunbii
52700 1,3 68510 2838,7 16 45419,2
PYKOBOJUTEIb
CryneHt 13890 1,3 18057 748,2 56 41899,2
HTtoro 87318,4

3anaTBI I10 I[OHOJIHI/ITGJ'II)HOﬁ 3apa60THoﬁ IUIaT€ MCIOJHUTEIICH TEMBbI

YUYUTBHIBAIOT BEJNWYHMHY IPENYCMOTPEHHBIX TpynoBbIM Komaekcom P® normar 3a

OTKJIOHCHHUC OT HOPMAJIbHBIX YCJ'IOBHﬁ Tpyda, a4 TAKKC BbIILIAT, CBA3AHHBIX C

oOecrieyeHneM rapaHTHil ¥ KOMITEHCalUi (MTPU UCIOJIHEHUH TOCYJIapCTBEHHBIX U

OOILIECTBEHHBIX OO0S3aHHOCTEW, MPU COBMELIEHUH padOThl ¢ OOy4YeHUEM, MpH

MPEAOCTABICHNUN €KETOJHOTO OTUIAYMBAEMOI0 OTITYCKA | T.1I.).
3son =Koon * 3ocn

rIe 30n — JOTIOJIHUTEIIbHAS 3apaboTHAs 111aTa, pyo.;

Kron = 0,14 — K03 GUITUEHT TOMOTHUTEIBLHON 3apILIATHI;

3ocu — OCHOBHas 3apaboTHas 11aTa, pyo.

Ta6nuna 14 — 3apabotHas miara ucnoysauteneit BKP

(58)

3apaboTHas miaTa PykoBoauTtens CryneHt
OcHoBHas 3apruiata 3ocy,
45419,2 41899,2
pyo.
JlonoaHUTENbHAS
6358,69 5865,89
3apruiata 3yon, pyoO.
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[Tponomxenue Tadauibl 14

Htoro mo cratbe 354, pyo. 51777,89 47765,09

Hroro 99542,98

3.4.4. OTuHciaeHns BO BHEOIOMKeTHbIE (DOHIBI
BenuunnHa oTuMclieHHT BO BHEOMOJKETHBIE (DOHIBI OMpEaAeNsIeTCs 0

bopmyiie:

C K -3

oo *

ene6 — Nemet (59)

rIe Kenes — KO (PHUIIMEHT OTYMCIACHUI Ha YILIATy BO BHEOIOKCTHBIC (DOHIIBI,
Bappupyetcs ot 30 mo 35 %. Ilpu pacyerax mpumem, 9T0 Ky = 30,2 % s
00pa3oBaTeIbHBIX M HAYYHBIX YUPEKICHUH.

W3 npenplaymx MOYHKTOB, 3oew = 99542,98 py6. Torma BenumunHa
OTYHUCIICHUM COCTABUT:

C .. =0,302-99542,98 =30061,98 pyo.

eHed

3.4.5. Haknaonwie pacxoont
Brruncnenne HakIaqHbIX pacxoa0B IIPOU3BOIUTCS IO (hopMyIIe:
CHam = kHaic/z 35 (60)
rIe Kiakn — KOD(POHUIMEHT HAKIAgHBIX PACXOJO0B, IPH pacdyeTre IMPUMEM

paBHbIM 16 %.

C ..=0,16-101846,33=16295, 41 py6.

3.4.6. @opmuposanue 6100>0cema 3ampam BKP
Ha ocHOBaHWU NPOBEACHHBIX PACUE€TOB, COCTABUM TAOJIHUILY C ITOJTyYCHHBIMH

3aTrpatamu BKP.
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Ta6nuna 15 — broxet 3arpatr BKP

3aTpartsl Cymma, pyo.
MarepuanbHble 3aTpaThl 1456,74
3arpaThl Ha CIEIUATHLHOE
846,61
o0opynoBaHue
3apaboTHas TUIaTa UCIIOTHUTEIICH
99542,98
MIPOCKTa
OTtunciiennst BO BHEOIOKETHBIE (DOH TBI 30061,98
Haxnaansie pacxoapbl 16295,41
HTroro 148203,72

3.5. Omnpenesenue pecypcHoii (pecypcocoeperaroineii) 3ppexruBHoctu BKP
3.5.1. Ouenka nayuno-mexnuueckozo Ihghexma
OueHka Hay4YHO-TEXHMUECKOTO 3¢ @dexTa MpPOU3BOAUTCS HA OCHOBAHUU

kod(duIreHTa coruaabHO-HaAYyqYHOTO Y deKTa:
3
Hy = Z ki (61)
=)

rae  Fi— BecoBoW K03 HIMEHT I-ro MpU3HaAKa HAYYHO-TEXHHUUYECKOTO YPPEKTa;

Ki — KomM4ecTBEHHAs OIICHKA I-T0 MPU3HAKA.

Tabmuua 16 — BecoBble KO3(p(GUIHUEHTHI NPU3HAKOB HAYYHO-TEXHUYECKOTO
abdexra
[Tpu3Haku HAyYHO-TEXHUUYECKOTO [IpumepHbIe 3HaUEHUSI BECOBOTO
addekra kod(pdunreHTa
YpoBeHb HOBU3HBI 0,6
TeopeTudeckuii ypoBeHb 0,4
Bo3MoxHOCTB peanuzamnuu 0,2
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Ta6nuna 17 — bayiel ypoBHEW HOBU3HBI

YpOBEHb HOBU3HBI XapaKTepuCTUKa YPOBHSI HOBU3HBI bamer
Pe3ynbTaThl HccnenoBaHUN OTKPBIBAIOT HOBOE
[TpuHIMnIHATEHOE HaIlpaBJICHHE B JaHHOM 00JIaCTU HAYKH U 8-10
TEXHUKHU
[To-HOBOMY MJIH BIIEPBBIE OOBSICHEHBI
Hogoe S5-7
U3BECTHBIEC (PAKTHI, 3AKOHOMEPHOCTHU
Pe3ynbrathl HcclieI0BaHUN CUCTEMATU3UPYIOT U
OTHOCHUTENIBHO
0000111aI0T UMEIOITUECS CBEJICHUS, OTPEIEIISIOT 2-4
HOBOE
MyTH JaJIbHEUIINX UCCIEIOBaHUI
[Tponomxenue Tadauip 17
PaboTa, BbINIOTHEHHAS IO TPAJAUIIMHOHHOMN
TpanuunoHHbIE METOJIMKE, pe3YyJIbTaThl HCCIEAOBAaHUI HOCAT 1
MH(OPMAIMOHHBIN XapaKTep
He o6nanatomue [TonydeH pe3ysbTar, KOTOPBI ObLT paHee
0
HOBHM3HOU U3BECTEH
Tabnuua 18 — banibl 3HAYMMOCTH TEOPETUUECKUX YPOBHEHN
TeopeTnuecknil ypoBEHb IOJYYEHHBIX PE3YJIbTATOB bamnsl
VYcraHoBieHUE 3aK0HA; pa3pad0oTKa HOBOM TeOpUHU 9-10
['my6oxkast pazpaboTka mpoOeMbl: MHOTOACTIEKTHBIM aHaJIN3 CBSI3EH,
7-8
B3aMMO3aBUCUMOCTH MEXIY (PaKTaMH ¢ HATMYUEM OOBSICHEHHUS
Pa3zpaboTka criocoba (asiroput™, mporpaMma MEpOTPHUSITHH, 2.6
YCTPOMCTBO, HOBILIECTBO U T..)
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[Tponomxenue Tadauubl 18

SHCMCHTapHBIﬁ aHaJIN3 CBSI3EU MCIKIAY q)aKTaMI/I C HAJIMYHUCM T'HIIOTC3HI,

CHUMILIEKCHOTO TIPOTHO3a, KJIacCuPHUKaIuu, oobiacHsaomen Bepcun win | 0,6-2

MPAKTHYCCKUC PCKOMCHOAINN YaCTHOT'O XapaKTCpa

Ornucanue OTAENbHBIX AJIeMEHTapHbBIX (aKTOB (Bellel, CBOMCTB U

OTHOUIEHUH ); U3JI0’)KEHUE OTBbITA, HAOIIOICHHM, Pe3yIbTaTOB U3MEPEHUN

0-0,5

Tabnuua 19 — BeposTHOCTH peanu3annu o BpeMEHH U MaclliTady peanu3aiuu

Bpewms peanuzanumn bansr
B Teduenuu nepBbIx JieT 5-10
Ot 5 no 10 ner 3-4
bonee 10 ner 0-2
Macuita0bl peanu3ainuu baer
OaHO UM HECKOIBKO MPEATPUATHI 0-2
OTtpaciab (MUHUCTEPCTBO) 3-4
HapozaHoe x03s1iicTBO 5-10

[IpoekT orieHUBaeTCs CAeAYIOUIMM 00pa3oM:
- 0aJu1 ypOBHSI HOBU3HBI — 3
- 6aJu1 3HAYMMOCTH TEOPETUYECKOTO YPOBHS — 5

- 0aJu1 10 BEPOATHOCTH peanu3anuu — 4+2=6

H; =0,6-3+0,4-5+0,2-6=5
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Ta6numa 20 — OueHka ypoBHSI HAyYHO-TEXHHUUECKOTO A dekTa

YpoBeHb HAyYHO-TEXHUYECKOTO KoadduuneHnT HayuHO-TEXHUUIECKOTO
s dekra sddekra
Hwuzknii 1-4
Cpenuuii o-7
CpaBHUTENBHO BBICOKUN 8-10
Bricokuit 11-14

Ucxona wn3 tabmuusl 40, ypoBEeHb Hay4dyHO-TEXHMUYECKOro 3ddexra —

CpEIIHUU.

BeiBoabI O pa3aeny

1.  AHamu3 KOHKYPCHTHBIX TEXHHUYSCKHUX PEIICHWH IMOKa3all, YTO aHAJIH3
nmapaMeTpoB pabOThl YCTAaHOBKM 1O pa3leleHUI0 M30TOMOB Oopa wHMeeT
MIPEUMYIIIECTBO B CJIOKHOCTH peasn3aiii U 0€30MacHOCTH.

2. N3 SWOT-ananm3a yCTaHOBIIGHO, YTO TPYAHOCTH W TMPOOJEMBI, C
KOTOPBIMH TaK WM WHA4Ye MOXKET CTOJKHYTHCS JaHHBIA HCCIEAOBATCIBCKUN
MPOEKT MOKHO OYJIET PEUIUTh 32 CYET UMEIOIITUXCS CHIIBHBIX CTOPOH Pa3pabOTKH.

3. bromxker npoekra cocraBun 148203,72 pyOneii.

4, YpoBeHb HAyUYHO-TEXHUUECKOTO d(eKTa ABIICTCS CPETHUM.
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3AJIAHUE JUIS PA3JIEJIA
«COLIMAJIBHASI OTBETCTBEHHOCTDb»

Crynenty:
I'pynna ouo
0A92 Tpayxy Anekcanapy JMUTpHeBHUIY
Hlkoua HATII OTtnenenne (HOIN) OATI
YpoBeHb baxanasp Hanpapnenue/cnenuaabHoCTh | SnepHble ¢dusmka 5
o0pa3oBaHus TEXHOJIOTHH
Tema BKP:

Anamuz rnapamMeTpoB pa6OTLI YCTaHOBKH IJIs1 pa3aACJICHUSA U30TOIIOB 60pa

HcxoaHble JaHHbIE K pa3aeiay «CounmnanbHasti 0TBETCTBEHHOCTD)

1. XapaxtepucThuka OOBEKTa HCCIIEAOBaHMUS (BEIIECTBO,
MaTepual, Ipudop, aJropuT™M, METOIMKa, paboyasi 30Ha) U
00J1aCTH €ro NPUMEHEHUs

OOBEKT  HCCIEeOBaHUS:  MapaMeTpbl  paboThI
YCTaHOBKH ISl pa3AeNeHus H30TONOB Oopa.

OO6iacTh NPUMEHEHHS: AaTOMHAsI IPOMBITIIIEHHOCTb.

I[TepeueHb BOIPOCOB, TOICKAIIMX UCCIICTIOBAHUIO, TIPOCKTHPOBAHHUIO U pa3paboTke:

1. IlpaBoBble W  OpPraHM3aLMOHHbIE  BONPOCHI
ob0ecrieyeHus1 0€30NACHOCTH:
— chmeuuanbHble (XapakTepHblE MPH  IKCIUTyaTaluu

o0beKTa HcClieIoBaHKs, NPOEKTHPYeMOil pabodell 30HBI)
MPaBOBbIE HOPMBI TPYIOBOTO 3aKOHOIATENIBCTBA;

- OpraHMu3alMOHHBIC MEPOINPUATUA TIPU KOMIIOHOBKE
paboucii 30HbI.

— IlpaBoBbIe HOPMBI TPYIOBOI'0 3aKOHOAATEIBCTBA;

— TpeOoBanus K OpraHu3allid ¥ 0OOPYIOBaHHUIO
pabouunx mect ¢ [I9BM:

— TOCT 22269-76. CuctemMa «4eJOBEK-MaIlnHa.
PaGouee mecto onepartopa. B3anMHoe pacmonoxeHne
3JIeMEHTOB pabodero mecta. O01Ie 3ProHOMUYECKHE
TpeOOBaHUsL.

2. [IpousBoacTBeHHAasi 0€30I1ACHOCTD:

2.1. AHanu3 BBISIBICHHBIX BPEJHBIX W OMACHBIX (PaKTOPOB
2.2.  OOocHOBaHHE MEPOIPHATHH 1O  CHIDKCHHIO
BO3JEUCTBUA

Bpenubie u onacHbie (haKTOpHI:

— OTKJIOHEHHE IOKa3aTeJed MUKpPOKINMATa,;

— TIOBBINICHHBI  YPOBEHb  3JIEKTPOMArHUTHBIX
U3ITy4YEHUH;

— HeI0CTaTOYHasl OCBEUICHHOCTh paboueil 30HEbI;

— TIOBBIIICHHBIN yPOBEHb IyMa;

— ncuxogusnosorndeckre GpakTopsl;

— ONaCHOCTh MOPAKEHUS IJIEKTPUUECKUM TOKOM.

3. Be3omacHocTh B aBapuUiiHBIX M Ype3BbIYAWHBIX
CHUTyalUAX:

— BBIOOp 1 onucanue TunuaHO YC: moxap;

— o0ocHOBaHHe MEpOTPHUSITHI
npenotpamnienuio AC u UC;

— TIOpSJOK AeHCTBHH mpHu Bo3HMKHOBeHMH AC U

1o

4qcC.
| JlaTa BbIIAYM 32IaHUS I Pa3eia 1o JHHEAHOMY rpadguky | 24.04.2023

3az[aH1/le BbIJ1AJ1 KOHCYJbTAHT:

JomxHOCTH DdUO Yu4eHnas cTeneHb, Moanuck Jara
3BaHHE
Houent OATL UATII Ilepenepun 0. B. K.T.H. 24.04.2023 r.

33}13HI/IC NPUHAJT K HCIOJHCHUI0 CTYACHT:
I'pynna DPUO Hoanuce Jara
0A92 Irpayx A.I.. 24.04.2023 r.
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4. CounuanbHasi OTBETCTBEHHOCTD

BKP nocpsmiena aHanu3y napameTpoB padOThl YCTAHOBKHU MO Pa3/IEICHUIO
nuzorornoB 6opa. BKP mpooauwnace B 247 ayautopuu 10 xopmyca Tomckoro
MOJINTEXHUYECKOTO YHUBEPCHUTETA.

B pasnene paccMoTpeHbl omacHble U BpeAHBbIE (DAKTOPHI, OKA3BIBAIOIIUE
BJIMSIHUE Ha MPOLIECC MCCIEIOBAaHUS, MPABOBbIE U OPraHU3allMOHHBIE BOIPOCHI, a

TAKKC MCPOIIPUATHUS B ‘-IpC3BBI‘-IEII>iHBIX CUTyanusiax.

4.1. TlpaBoBble U OPraHU3aNMOHHBbIE BONMPOCHI 00ecnevyeHus1 0€30MacHOCTH
4.1.1. Cneyuanvnvie (xapaxkmepusle 011 padouell 30HbL UCC1e008ames)
npaeoevlie HOPMbl MPYO06020 3AKOHO0AMENbCMEa

OCHOBHBIE TOJIOKEHUSI TIO OXpaHE TPyHAa U3J0XKEHbl B TpynoBOM Koaekce
Poccuiickoit @eneparuu [16]. B 3ToM q0KyMeHTE yKa3aHO, YTO OXpaHa 37J0POBbS
TpyIAslMXcsi, oOecrnieueHue Oe30macHbIX  YCIOBUM  Tpynda, JIMKBUAALUSA
po(ecCHOHANBHBIX 3a00JIEBAHUI M MPOU3BOJICTBEHHOIO TPABMATU3Ma SIBIISIIOTCA
OJTHOM W3 INIaBHBIX 3a00T rocyAapcTBa.

Cornacho [16], kaxxaplii paOOTHHK UMEET MPaBo Ha:

— pabouee MecTo, COOTBETCTBYIOIIEE TPEOOBAHUSM OXpaHbl TPY/1a;

— 00s13aTeIbHOE COLMANIbHOE CTPaXOBAaHUE OT HECUACTHBIX CIyyaeB Ha
MIPOU3BOJICTBE U MPO(PECCHOHATBLHBIX 3a00JICBaHUIA;

- MOJIydeHHE  JOCTOBEpHOM  mHpopManuu  oT  paboTomarens,
COOTBETCTBYIOIIMX IOCYAapCTBEHHBIX OPraHOB U OOILECTBEHHBIX OpraHu3aluuii 00
YCIOBHUSIX W OXpaHe TpyAa Ha paboyeM MecTe, O CYIIECTBYIOIIEM pPHUCKE
MOBPEXACHUS 3[I0POBBS, & TAKXKE O MEpax IO 3allUTE OT BO3JACHCTBUS BPEIHBIX U
(MJIM) OMaCHBIX MPOU3BOJICTBEHHBIX (PAKTOPOB;

- OTKa3 OT BBIMOJHEHUS pabOT B Cilyyae BOBHUKHOBEHUSI OMACHOCTHU ISl
€ro *HU3HU U 3JI0pPOBbsI BCJIEICTBUE HAPYIICHUs TPEOOBAaHUI OXpaHbl TPY/a;

- oOecrieueHue cpeicTBaMu MHIUBUYAIbHON U KOJUIEKTUBHOM 3aIlIUTHI

B COOTBETCTBUU C TPEOOBAHUSMHU OXPAHbI TPY/ia 3a CUET CPEICTB paboTOaaTeNs;
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- oOydeHure 0e30macHbIM METOJaM W MpUEeMaM TpyJa 3a CUET CPE/CTB
paboTomarens;

— JUYHOE YYacTHE WIM Y4YacTHE 4Yepe3 CBOMX IIPEICTaBUTEICH B
pPacCMOTPEHHH BOIPOCOB, CBSI3AHHBIX C OOecredeHueM Oe30IaCHbIX YCIOBHMA
TpyZa Ha ero pabodeM MecTe, W B PACCICAOBAHHWH IPOWCIICIIIETO C HUM
HECYACTHOTO CITydYasi Ha MPOU3BOJICTBE WK MPOGECCHOHATHHOTO 3a00JICBaHMS,

- BHEOYEPETHOM  MEIUIIMHCKUM  OCMOTP B  COOTBETCTBUH  C
METUITMHCKAMH PEKOMEHIAIMSAMA C COXPaHGHHEM 3a HUM MecTa paboThI
(IOJDKHOCTH) W CpeIHEro 3apaboTka BO BpeMs TMPOXOXKICHUS YKa3aHHOTO
MEJUIIMHCKOTO OCMOTPA;

— TapaHTHX W KOMIICHCAIIMH, YCTAHOBJCHHBIE B COOTBETCTBHH C
HacTosimM KoekcoM, KOJIJIEKTUBHBIM JIOTOBOPOM, COTJIAIIICHUEM, JIOKAJTIbHBIM
HOPMATHBHBIM aKTOM, TPYJIOBBIM JOTOBOPOM, €CIM OH 3aHAT Ha padoTax ¢
BpPEAHBIMH U (WJIM) ONTACHBIMH YCIIOBUSMU TPY/A.

B tpynosom koxekce Poccuiickoit denepanuu roBOpUTCs, 4YTO HOpMaJIbHAs
MPOJIOJDKUTEILHOCTh pabodyero BpeMEHHM HE MoKeT mnpeBbimath 40 YacoB B
HeJIeN0, padoTo/aTenb 00s3aH BECTH YYE€T BPEMEHH, OTPabOTAHHOTO KaXKIIbIM

padoTHHKOM [17].

4.1.2. Opeanuzayuonnvlie Mmeponpuasmus npu KOMHOHOBKe pabdoueil 30Hbl
uccieoosamens

PanmonanpHas mmaHupoBKa pabodyero Mecra MpeayCMaTpUBAET UYETKHMA
NOPSIAOK U TOCTOSHCTBO  pa3MENIEHUsT MpPEeIMETOB, CPEACTB Tpyda U
JOKyMeHTauu. To, 4Tto TpeOyeTcs s BBINOJHEHHS pPabOT dYale IO0JKHO
pacriojaratbCs B 30HE JIETKOM JIOCATaeMOCTH padodero IpOCTpPaHCTBa, Kak

M300paKeHO Ha pUcyHKe 15.
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a - 30Ha MaKCUMaJILHOM JTOCATAEMOCTH PYK; O - 30HA JOCITaeMOCTH TaIbIEB TIPH
BEITSIHYTOU PYKE; B - 30HA JICTKOH JOCATAEMOCTH JIAJIOHH; T - ONTHMAIBHOE
MIPOCTPAHCTBO IS TPYyOOH PydHOH paOOTHI; 1 - ONTUMAIILHOE TIPOCTPAHCTBO IS
TOHKOM py4YHOU pabOThI
Pucynoxk 15 — 30HBI 10CATaEMOCTH PYK B TOPU3OHTAIBLHOM IIOCKOCTH:

OnTuManbHOE pa3MEIIeHHE MPEIMETOB Tpyda M JIOKYMEHTallMd B 30HAX
JOCSTaeMOCTH PYK:

— JUCIUICH pa3MeniaeTcs B 30He a (B LIEHTPE);

- KJIaBHATypa — B 30HE T, [I;

— CUCTEMHBIN OJIOK pa3meniaeTcs B 30He O (cieBa);

- MIPUHTEP HAXOJIUTCS B 30HE a (CrpaBa);

— JUTEpaTypa U JOKyMEHTAIUs, HeoOXoaumas pu paboTe HaxXOAUTCs B
30HE JIETKOW JTOCSATAEMOCTH JIaJJOHU — B (CJICBA);

- B BBIIBIDKHBIX SIIIUKaX CTOJa — JIATEepaTypa, HE UCIHOJIb3yemas
nocrostHHO [18].

[Tpu BBIOOpE pabouero MecTa, a UMEHHO MMCbMEHHOTO CTOJIA JOJKHBI OBITh
yUTEHBI clieayromme TpedoBanus [18], koTopsie npeacTaBiacHbl B Tadmuie 21.

Ta6numa 21 — TpeGoBaHus K OCHAIIEHUIO paboyero MecTa, MpeayCcMaTpUBAIOIIEro
JUTUTEIRHYI0 padoTy 3a [1K

[upuna padoyero crona Ot 80 o 140 cm
Bricota pabGouero crona 75 cm

['my6Guna pabouero croia Ot 60 o 80 cm
Paccrostnue oT ri1a3 10 MOHUTOpA Ot 50 o 60 cm
Paccrosinue kinaBuatypsl oT kpas ctoaa | Ot 10 go 30 cm
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[Tponomxenue Tadauibl 21

Cunenue CIUHKHU (PEryJMPOBKU JIOJDKHBI OBITH
HE3aBUCUMBIMH JIPYT OT PYyTa)

[IpocTpaHCTBO 1151 HOT [upuna ot 30 cm, riryouHa — ot 40 cwM,
C yriioM HaksoHa 110 20 rpaaycoB

Cunenue JIOJDKHO TIO3BOJISITE  PETrYJIMPOBKY 11O
BBICOTE, IOBOPOTY U YTy HAKJIOHA

Mounutop noikeH OBIThb pacrlojOKEH Ha YpOBHE IJIa3 Omeparopa Ha
paccrosstnuu  500-600 wmm. CormacHo HOpMaM, yroi  HaOJIOJEHUS B
TOPU30HTAJIBHON MIOCKOCTH AOJDKEH ObITh HEe Oonee 45 rpaaycoB K HOpMaiu
sKkpana. Jlyumie, ecau yron o03opa Oyzaer cocrasiath 30 rpaxycos. Kpome Toro,
JOJKHA OBITh BO3MOXKHOCTH BBIOMpPATh ypPOBEHb KOHTPACTHOCTH W SPKOCTU
n300pakeHus Ha skpane [18].

Taxke m0MKHA TpPETyCMaTPUBATHCS BO3MOXKHOCTH PETYJIHMPOBKH SKpaHa
MOHUTOpA:

- T10 BBICOTE 13 CM;

— HAKJIOH OTHOCUTENBHO BepTukanu 10 — 20 rpaxycos;

— B JIEBOM M MPABOM HAIPABJICHUSX.

B cnyuae ecniu paboTta omeparopa mpeamnoyiaraeT  0JAHOOOPa3HYIo
YMCTBEHHYIO palOTy, KOTOpas TpeOyeT 3HAUMTEIbHOIO HEPBHOIO HANPSLKEHUS U
OOJNBIIOTO  COCPENOTOYEHHUS, TO  JydYllle BCEro  BBIOMpAaTh  HESAPKUE,
MaJIOKOHTPACTHBIE I[BETOBBIE OTTEHKHU (CIa00HACHIIIEHHBIE OTTEHKH XOJOJHOTO
roJiyooro Wiy 3eJI€HOr0 1IBETORB), KOTOPbIC HE 0CJIa0sA0T BHUMaHue. Eciu padota
TpeOyeT OONBIION YMCTBEHHOW M (DU3UYECKON HAIPSHKEHHOCTH, TOTAA CIEAyeT
UCIIOJIb30BaTh 0oJiee TEeIIble OTTEHKH, KOTOpPbIE CHOCOOCTBYIO IOBBIIICHUIO

KOHIIEHTpanuu BHUMaHus [18].
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4.2. TlpousBoacTBeHHAasi 0€30MACHOCTH
4.2.1. Ananu3z épeoHvIX u ONACHBIX haKmopoes

[Ipon3BOACTBEHHBIE  yCJIOBHSI ~HAa  MECT€  BBINIOJIHEHHS  PaOOTHI
XapaKTepU3ylOTCs HAJIMYMEM OMNAacCHBIX M BPEIHBIX (HAKTOPOB, KOTOPHIE IIO
MIPUPOIE BOHUKHOBEHHUS JICIIATCS HA CIACAYIOIIUE TPYIIIIHL:

— buznueckue;

- XUMHUYECKUE;

— NCUXO(PU3NOIOTHYECKHE;

- ouonornueckue [19].

Onacuble W BpenHble (AKTOPbl, KOTOpbIE MOTYT BO3JIEWCTBOBATH Ha
niepcoHain npu padore Ha [I9BM, npuseaeHs! B Taduie 22.

Tabnuna 22 — OnacHeie u BpeaHbie pakTopsl B adoparopun Ne 247 10 kopmyca
TITY

HaunmenoBanue BugoB @akTopsl
paboT U mapamMeTpoB
HopmatuBHBIE JOKYMEHTBI
IIPOU3BO/ICTBEHHOTO Bpemibie OmacHEIe
npoiiecca
DNEeKTPUUECKHUI I'OCT 12.1.038-82 CCBT.
TOK DnekrpobesomacHocTts [20],
Bo3sneiictBue
CanlluH 2.2.4/2.1.8.055-96.
panuanyu
- DJIEKTPOMAarHUTHBIC U3JTyUCHUS
(BY, YBUY,
pazmoyacTOTHOTO auarmasoHa [21].
CBYurt.nm.).
Pacuer faHHbIX Ha [ToxapoB3pbIBO- I'OCT 12.1.004-91 CCBT.
II9BM OMacHOCTb [MToxxapHas 6e3omacHoCTh [22].
CanlluH 1.2.3685-21
«['urneHnYecKue HOPMaTHBBI U
Hlywm, TpeOoBaHUs K 00€CIeYeHUIO
MHUKPOKJIAMAT 0e30macHOCTH U (WJTH)
0e3BpeAHOCTH ISl YeJIOBEKa
(bakTopoB cpepl oouTanus» [19].
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K ncuxonoruuecku BPCOHBIM q)aKTOPaM, BO3I[€I\;ICTBYI-OHII/IM Ha IICPpCOHAJI,
MOXXHO OTHCCTH:

- HCPBHO-5MOLMOHAJIBHBIC IICPCTPY3KHU,

- YMCTBCHHOC HAIIPSAKCHUC,

- bu3nYecKue meperpy3Ku.

4.3. OOocHOBaHHE MepPONPHUATHH MO 3alUTe HCCJAeT0BATENsA OT JeicTBHS
BPeAHBIX U ONACHBIX (paKTOPOB

B cooTBeTcTBMM C OCHOBHBIMH TPEOOBAaHUSIMHU K TIOMEIISHUSIM IS
skcruryatanuu [19BM [19] oHuM H0KHBI UMETh €CTECTBEHHOE M MCKYCCTBEHHOE
ocsemienue. [lnomans Ha ogHO pabouee mecTo mosb3oBarenei [I9BM nomkHa

COCTaBJIATh HE MeHee 6 M2,

4.3.1. Omknonenue noxazameneii MUKPOKIUMAMA

Bo3nyx paboueld 30HBI (MHKPOKJIMMAT) MPOU3BOACTBEHHBIX MOMEIIECHHMA
OTIPEJICIISIIOT CIICIYIONINE MMapaMeTphl: TeMIlepaTypa, OTHOCUTENIbHAS BJIaKHOCTD,
CKOPOCTh JBW)XKCHHS Bo3ayxa. ONTUMaabHBIE 3HAYCHHS  XapaKTEPHCTHK
MUKpPOKJIMMAaTa YCTaHABJIMBAIOTCS B COOTBETCTBHH C HOPMAaMHM W TIPHBEICHBI B
tabmure 23.

Tabnuua 23 — OnTuManbHble MapaMeTpbl MUKPOKIMMATA

CxopocTb
OTtHOCUTENBHAS
ITepuon rona Temneparypa, °C o JIBUKEHHUS
BJIQYKHOCTb, %
BO3lyXa, M/C
X 0JIOAHBIHI 23-25 40-60 0,1
Tennbrit 22-24 40 0,1

OTkOHEHHWE TMOKa3aTelneu MHUKPOKJIMMATa OT HOPMblI HC BbI3bIBACT
HOBpe)K,ZIeHI/Iﬁ NN HapymeHI/Iﬁ COCTOSAHUA 340pOBbA, HO MOXCET IPUBOJUTL K

BO3HHKHOBCHUIO 06H_II/IX N JIOKAJIbHBIX OH.IymeHI/Iﬁ TCIIJIIOBOT'O ,Z[I/ICKOM(i)OpTa,
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HANPSDKEHUIO MEXaHW3MOB TEPMOPETYJISIUH, YXYAINICHUI0 CaMOYYBCTBUS |
HOHIKEHHUIO paboTocnocooHocTH [19].

Jna  oOecriedeHHs]  YCTAaHOBJIEHHBIX ~ HOPM  MHKPOKIMMATHYECKHX
napaMeTpoOB U YUCTOTHI BO3yXa Ha pab0YMX MECTaxX U B MOMEIICHUSX PUMEHSIOT
BEHTUJISLIHIO.

BeHTUIsIMsT MOXET OCYIIECTBIATHCA €CTECTBEHHBIM M MEXaHUYECKUM
nytéM. OnTuMmanbHas KpaTHOCTh BO3AyXOOOMEHa B  IMPOW3BOJICTBEHHBIX
MMOMEIICHUSX HAXOJUTCS B JOCTATOYHO MIMPOKUX mpeaenax: oT 3 1o 40 pa3 B yac
[19].

Cornacuo [23] B kabuHeTe HEOOXOAMMA KPATHOCTH BO3LyXx0o0MmeHa 40 m3/u
Ha OJIHOTO yesoBeka. KaOuHeT, B KOTOpOM BBINOJIHAJIACH paboTa paccuuTaH Ha [/

pabouyux MeCT, TAKUM 00pa3oM MPOU3BOIUTEILHOCTh BEHTUIISIIIUN COCTABUT:

M3
L=k-Q=7-40=280 — (62)

y

TIE K — KOJIM4ECTBO YEIIOBEK;

Q — KpaTHOCTH BO3/TyX000OMEHA Ha OJHOTO YEJIOBEKA.
Takyro Mpou3BOAUTENBHOCTh OOecreunBaeT BeHTWIATOp Tuna Bentc 150
BKO ¢ MakcHMalbHON IIPOU3BOAUTENLHOCTEIO 298 M%/4 1 MomHOCTEIO 24 BT [24].

Takum o0pazom, mokaszaTenab MUKpokiauMmara B 247 ayautopuu 10 xopmyca

TITY cOOTBETCTBYET YCTAHOBJIEHHBIM HOpMam [19].

4.3.2. Ilosvtuiennslii ypoeens IneKmpoMaZHUMHO20 U3TY4eHUs

DNEeKTPOMarHUTHOE H3JIYYEHUE — PACHpPOCTPAHSIONIEECS B IMPOCTPAHCTBE
BO3MYIIEHUE (M3MEHEHHUE COCTOSIHUS) JIEKTPOMArHUTHOTO TOJISL.

DOkpaH U cucteMHble Oyoku OBM  mpou3BOAST 3JIEKTPOMArHUTHOE
uznydeHue. OCHOBHasi €ro 4YacTb HPOUCXOAMT OT CHCTEMHOTO OJloKa U
BUJIeoKa0ens. HanpsskeHHOCTh AJIEKTPOMAarHMTHOTO MoJisi Ha paccTosHuu 50 cm
BOKPYT 3KpaHa II0 3JEKTPUYECKOM COCTABIISIIONIEN JOJDKHA COOTBETCTBOBATH

ta0imue 24.
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[ToBbIlICHHBI YPOBEHD JICKTPOMArHUTHOTO W3IYYCHUS MOXKET HEraTHBHO
BJIMSATH Ha OpPraHW3M 4YeJ0BEKa, a MMEHHO NMPUBOIUTH K HEPBHBIM PAacCTPOMCTBAM,
HApYIICHUIO CHA, 3HAYUTCIbHOMY VyXYAINICHUIO 3PUTCIBHON  aKTHUBHOCTH,
OCJa0JICHUI0O UMMYHHOW CHCTEMbI, PacCTPOMCTBaM  CEPJCUYHO-COCYIAMCTOM
cuctemsl [21].

Tabnuna 24 — JlonmycTuMblie ypOBHU apaMeTPOB ANEKTPOMArHUTHOTO TOJIS

HaumMenoBaHnue napameTpoB Benuunna ~ gomycTtumoro
YPOBHS

HanpsxeHHOCTh Juanazon wacror 5 I'm -2 25 B/m
AJIEKTPOMArHUTHOTO kI
OJIst

Jwnama3zon gactotr 2 kKl — 2,5 B/m

400 't
IIimoTHOCTE Jlnanazon yactor 5 I'm -2 250 5T
MarHMTHOI'O MOTOKA k[

Huanazon yacror 2 kl'm — 25 Tn

400 '

CymectByer cnoco0 3aummutel or OMII — yBenwueHue paccTosHUA OT
UCTOYHMUKA (PKpaH JOJDKEH HAxXOJIUTCA Ha paccTosHuu He MeHee 50 cM oOT

noab3oBaresst) [21].

4.3.3. Heoocmamounasn oceeuwiennocme paooueii 30Hol

YTOMIISIEMOCTh OPTaHOB 3pEHHUS MOKET OBITh CBSI3aHA KaK C HEJOCTATOYHOM
OCBEIICHHOCTHIO, TAK U C YPE3MEPHOUN OCBEIICHHOCTHIO, a TAKXKE C HEMPaBUIbLHBIM
HaIpaBJICHUEM CBETA.

ITo HOpMaTHBaM OCBEIICHHOCTh Ha MIOBEPXHOCTH CTOJIA B 30HE Pa3MECIICHUS
pabouero pgokymeHTa nomkHa ObITh 300-500 nk. OcBemieHue HeE JOJKHO
co37aBaTh OJIMKOB Ha MOBEPXHOCTH dKpaHa. OCBEIIEHHOCTh TOBEPXHOCTH dKpaHa
He JoJpKHa ObITh Ootee 300 nk [19].

SpKOCTh CBETHJILHUKOB OOIIIETO OCBEIICHUSI B 30HE YIJIOB M3IydeHUs oT 50

10 90° ¢ BepTUKAIbIO B TPOJOJBLHON W TMOMEPEUYHOM IUIOCKOCTSIX JOJIKHA
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coctaBisaTh He Oosiee 200 Ka/M, 3aIUTHBIA YTOJ CBETUIILHUKOB JIOJDKEH OBITH HE
menee 40°. Koapdunment 3anaca (K3) a1 oCBEeTHTEIBHBIX YCTAaHOBOK OOIIETO
OCBEILEHUS JOJKeH NpUHUMaThes paBHbIM 1,4. KoadduinueHnt mynbcanuu He
JOJDKEH MpeBbIIaTh 5 %0.

HcKyccTBEHHOE OCBEIIEHHE B MOMEHIEHWSAX i 3kciutyatauuun [IDBM
JIOJIKHO OCYIIECTBIISATHCS:

- CHCTEMOH 00IIIero paBHOMEPHOTO OCBEIICHUS.

B mipon3BOACTBEHHBIX M aIMUHUCTPATHBHO-OOIECTBEHHBIX TTOMEIIICHUSIX, B
clly4asix MPEUMYIIECTBEHHOM paboOThl C JOKYMEHTAMH, CJIEIYyeT TNPUMEHSTh
CUCTEMBI:

— KOMOMHUPOBAaHHOTO  OCBELIEHUs (K  O0meMy  OCBEIICHHIO
JIOTIOJTHUTENHHO YCTaHABIMBAIOTCS CBETUIIBHUKY;

- MECTHOTO OCBEIICHHUS, NpPEJHA3HAUYCHHBIC [JI1 OCBEIICHHS 30HBI
pacrojioxeHus ToKyMeHToB) [19].

[lnomane nomenieHus:

S=a-b, (63)
roe  a-— mHa, M; b — mupuna, m.
S=6-6=36M".

Koadduiment otpakeHns CBEXKEMOOSTEHHBIX CTEH C OKHAMH, 3aKPBITHIMU
OenpiMu  wTopamu  p. = /0 %, cBexxenobOenenHoro mnoronka p, = /0 %.
Kosdhdumment 3amaca, y4YUTHIBAIONIMI  3arps3HEHHE  CBETWJIBHUKA, IS
noMeleHuii ¢ MaielM  BbieneHueM mnelin paseH K =1,5. Koaddunuent

HEPaBHOMEPHOCTH ISl CBETOAMOAHBIX JieHT Z = 1,1.
BriOupaem cBeromuoanrl Varton 9w, cBeTOBOM IOTOK KOTOPBIX paBeH

@, =2900 ™.

BriOupaem cBeTwibHUKM €O cBeroauonamu tuma Diora LPO. 3tor
CBETWJILHUK MMEET ABE CBETOJHOJHBIE JICHTHI MOIIHOCTBIO 9 BT kaxkmas, nianHa

CBETUJIbHMKA paBHa 1260 mM, mpuna — 124 mMm.
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HHTeTpanbHBIM KPUTEPUEM ONTHMAIBLHOCTH PACIIONOKECHHSI CBETUIILHUKOB
SIBIIIETCSl BEIMUYWHA A, KOTOpas Ui CBETOJMOJHBIX CBETHUJIHHHKOB C 3aIlUTHBIM
paccemBatesieM JiekuT B auanasone 1,1 — 1,3. Ilpuaumaem A =11, paccrosnuue
CBETUJIBHUKOB OT IEPEeKpHITHs (cBec) h, =0,5 m.

BricoTta cBeTtmipHMKAa Han pabodeil MOBEPXHOCTHIO OMPENEISIeTCS TI0
dbopmyre:

h=h,—h_, (64)
rae N — BBICOTa CBETHJIBHMKA HaJ| [IOJIOM, BBICOTA TIOJIBECA;

h, — BbIcOTa paboye MOBEPXHOCTH HAJI MOJIOM.

Haumenspimast momyctumasi BbICOTa MOJBECA HAJl MOJIOM JJISl ABYXJICHTOBBIX
CBETWJIHLHUKOB Diora: hn =35Mm.

BricoTa CcBeTUJIbHHMKA Haj pa6oqeﬁ IMOBCPXHOCTBIO OIIPCACILACTCA 110

dbopmyie:

h=H—-h —h =35-1-0,5=2wm. (65)
N3 popmyibl
o - ESK-2) (66)
. N -7

HaxXoaAuM 4HCJIO CBETOAUOAHBIX JICHT N:

N _(E-S-K,-Z) (67)
D, -1
rne E — tpeGyemas ropuzoHTanbHas OCBEMICHHOCTb, JIK;
S — mIomaab IOMEIIEHUS, M;
K, — koaunmenT 3amnaca;
Z — k03P GUIIMEHT HEPAaBHOMEPHOCTH;
@, — CBETOBOM ITOTOK OJHOMU JIAMIIbI, JIM;
1 — K03 (UIMEHT KUCIIONH30BAHUS CBETOBOTO MOTOKA.
1 ompenemnseM 4epe3 MHACKC TOMEIIeHUs 10 (opMyJIe:
@b __ 066 _yg (68)

' h-G@xb) 26+6)

79



KOG)(b(I)I/IHI/IeHT HCIIOJIB30BaHUA CBETOBOI'O ITIOTOKAQ, MOKa3bIBAIOIINN KaKasi
9aCTb CBCTOBOI'O IIOTOKa JiaMIl IIOIIadacT Ha pa60qy}0 IMOBCPXHOCTL, JIA

cBeTHIbHUKOB THHa Diora co cBeromuoansiMu JeHTamu mnpu p, = (0 %,
pe = 10 % u nnnexce nomemnienus i = 1,5 pasen n = 0,54.

Torma

_(E-S-K,-Z) 300-36-1,5-1,1
D 2900-0,54

N =11,38 nenr -

[IpuHUMaeM KOMMYECTBO CBETOAMOMAHBIX JIEHT 12. IIpu sTOoM momydaercs 6
CBETHJIBHUKOB, TO €CTh 2 psiia MO 3 CBETHJIBHUKA.
[ToTpeOHBbIiT CBETOBOM MOTOK CBETOMO/IHBIX JIAMIT:

b - (E-S-K,-Z) 300-36-1,5-11

= 2750 nm.
N N -7 12.0,54

w |

N3 ycnoBuil paBHOMEPHOCTH OCBELICHUS OMPENECTIAEM PACCTOSHUSA |_1 151
L2
|_2 u 3 0 CJIETYIOUIUM YPaBHEHHSIM:
2 | L
6000=L1+§-L1+2-124, L, =3451 mm, §=1150 MM; (69)

6000=2-L,+ % L, +3-1260; L, =832 mm, %=z77 MM; (70)

Ha pucynke 16 nzo0OpaxeH miaH MOMEIICHHS U Pa3MEICHUs CBETUIILHUKOB

CO CBETOJMOJHBIMU JIeHTaMH B ayiutopun Ne 247-10 yyebnoro kopryca TIIV.

80



1150

6000
3451

6000

PI/ICYHOK 16 — IInan IIOMCIICHUA 1 pasMCIICHUA CBCTUJIBHUKOB CO
CBCTOOHMOOHBIMU JICHTaAMH

HGHaGM IIPOBCPKY BLIIIOJIHCHUA YCIIOBHA!

(@Jl() — ®7)

—10% < -100% < 20%: (71)

10
(2900 — 2750)
2900

(@ =P.) 1009 =

-100% =5,2 %

710

Takum o00pa3om, TOIYy4YEHO, YTO HEOOXOIAMMBIM CBETOBOM TIOTOK HE
BBIXOJUT 3a Mpenensl TpeOyeMoro auana3oHa. MOIIHOCTE OCBETUTENbHOU
YCTaHOBKH IOJIyYHIIACH:

P=12-9=108 Br.
PaccuntaHHOE KOJNMYECTBO CBETWJIBHUKOB M PACCTOSIHUE MEXAY HUMU B

aynutopun No247 10 yaeGnoro kopmyca TITY cooTBeTcTBYyeT (hakTHdecKOMYy.

4.3.4. Ilpeeviuienue ypoeua uiyma

IymMm, sBsIsICH OOIIEOMOTOTHYECKUM pa3ApaKUTEIIEM, OKa3bIBACT BIUSHUC
HE TOJIbKO Ha CIyXOBOW aHalU3aToOp, HO ACHCTBYET Ha CTPYKTYphl T'OJIOBHOTO
MO3Ta, BBI3BIBASl CABUTH B PA3MMUYHBIX (YHKIMOHATBHBIX CHCTEMAaX OpTaHHU3Ma.
Cpean MHOTOYMCIICHHBIX MPOSBICHUNA HEOIAronpusTHOTO BO3ACHCTBUS IIymMa Ha

OpraHU3M 4YCJIOBCKA BBIACIAIOTCA: CHHUIKCHHC p3360p‘II/IBOCTI/I pe€un, HCIIPUATHEBIC
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OUIYIICHUS, PA3BUTHUE YTOMJIGHHUS M CHI)KEHHE TPOU3BOAMTEIBHOCTH TPY/a,
NOSIBJICHHE IITyMOBOM maTojioruu. B Tabnuie 25 npuBeeHbl HOPMBI YPOBHS IIIyMa
IIPU pa3JInYHBIX BUJAX padoT.

Tabnuua 25 — HopMatuBbl ypoBHS ITyMa MPU Pa3IuYHbIX BUJAX padboT

DKBUBaJE
. HTHBIC
MakcumanbHO JOMyCTUMBIN ypoBeHb yma (1b), B

nosiocax ciaemayronmux okras (I'mx) YPOBHH

nryma,

nbA
Hayunas
pabora,

pacuersl, 86 | 71 | 61 | 54 | 49 | 45 | 42 | 40 | 38 50
KOHCTPYHUPOB
aHue

Oduekl, | g3 | 79 | 70 | 68 | 58 | 55 | 52 | 52 | 49 55
nabopaTopuu

YpoBeHb 1ryma Ha pabounx MecTax Bo BpeMs paboTel Ha [I9BM He goimkeH
npesslath 55 ab. [nd cHUXKEHHUS ypOBHs IIyma IOTOJOK WA CTEHBI JOJIKHBI
OOJIMIIOBBIBATLCA ~ 3BYKOIOIVIOMIAIOIIMM ~ MaTepuajioM C  MaKCUMaJbHBIM
K03 GUIUECHTOM 3BYKOITOTJIOMIEHUS B 0oOmactu yactoT ot 63 o 8000 I'rp [25].
JIONOJIHUTENBHBIM ~ 3BYKOMOIJIOIIEHUEM  CIIY’KaT  3aHABECKM HAa  OKHax,
BBITIOJIHEHHBIE W3 TIJIOTHOM TSKEJIOW TKAaHM.

B aymutopun Ne 247 10 yuebHoro kopmyca TIIY ypoBeHp 1ryma

COOTBETCTBYET CAHUTAPHBIM HOpMaM [25].

4.3.5. Ilcuxoghuzuonozuueckue gpaxmopot

[Tcuxodu3noaornyeckue OIMAacHbIE W BpPEOHBIC  MPOM3BOACTBEHHBIC
bakTopsl, nenaTcs Ha: GU3MUECKHE MEeperpy3kH (CTaTUuecKue, TUHAMUYECKUE) U
HEPBHO-TICUXWYECKHE Meperpy3ku (YMCTBEHHOE TIEpPEHANPSHKEHNE, MOHOTOHHOCTh

Tpy/la, SMOLIMOHAJIbHBIE TIEPErPY3KH ).
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chepbl

OTHOCHUTCA K KaTCTOpHUHU pa60T, CBSI3aHHBIX C HMCITOJIE30BAaHHEM OOJIBIIMX 00BEMOB

TpynoBass nedaTenbHOCT, PaOOTHUKOB  HEMPOM3BOJICTBEHHOM
uHbOpMaIH, C IPUMEHEHUEM KOMIIBIOTEPU3UPOBAHHBIX PA0OUUX MECT, C YACTHIM

OPUHATUEM OTBETCTBEHHBIX pPEIICHUH B YyCIOBUSAX JeduUUTa BPEMEHHU,
HEIOCPEACTBEHHBIM KOHTAKTOM C JIIOJABMHU PAa3HBIX THUIIOB TEMIIEPAMEHTA WU T.J.
310 00YyCIIOBIAMBAET BBICOKHI YPOBEHb HEPBHO-TICUXHUECKON TMEperpysKHu,
CHIKAaeT (PYHKIMOHAJIBbHBIX HAa AKTUBHOCTb LEHTPAJIbHONW HEPBHOM CHCTEMBI,
IPUBOIUT K PAcCTPOWCTBAM B €€ JEATEIbHOCTH, PA3BUTHSA YTOMJIEHUSA,
[EPEYTOMIICHU, CTPECCY.

Haubonee »>¢dexTtuBHble cpeacTBa MNpeAyNpexIeHUs YTOMIICHUS IpU
paboTe Ha NPOU3BOACTBE — ATO CPEIACTBA, HOPMAIU3YIOLINE AKTUBHYIO TPYIOBYIO
JeSTENIbHOCTh uenoBeka. Ha (hoHe HOpManbHOrO MpoTeKaHus MPOU3BOICTBEHHBIX
IPOLIECCOB OJHUM M3 BaXHbIX (DU3UOJOTHMYECKHX MEPONPUATUI MPOTHB
YTOMJICHUS SIBJISICTCS PABWIIBHBINA PEXKUM TpyAa U oTabxa [19].

JUis cHUKEeHMsI BO3/IEUCTBUS BPEAHBIX (DAKTOPOB, YCTAHABIMUBAIOTCS paMKU
JUTUTENIbHOCTU NepepbiBOB. B Tabnuie 26 npuBeAeHO CyMMapHOE BpeMsl OTIbIXa

JUTSL KaXJI0¥ Kareropuu padort [26].

Tabmuma 26 — CymmapHOe BpeMsl TMEpephbIBOB B 3aBHCHMOCTH OT KaTeTOpUHU
paboThl M HATPY3KH

CymmMmapHoe Bpems
YpoBeHb Harpy3ku Ha pabouyo CMEHY
periaMeHTHPOBAHHBIX
npu Buaax padot ¢ [IDBM
nepepbIBOB
I'pynma A, ['pynma b,
Kareropus ['pynma B, npy 8-4acOBOMU
KOJIMYECTBO | KOJUYECTBO
paboTHI 4acoB CMEHE, MUH.
3HAKOB 3HAKOB
I 10 20 000 10 15000 10 2 50
I 10 40 000 10 30 000 o 4 70
i 10 60 000 10 40 000 o 6 90
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B nmanHOM ciiydae ypoBeHb Harpy3Kd OTHOCHUTCS K rpynme B, kareropus
pabotel IIl. CormacHo Tabiuue, TpeOyeTcsl YCTaHOBUTH NEPEPBIBBI, CymMMa
KOTOPBIX 3a paboyee BpeMsi cOCTaBUT He MeHee 90 MHUHYT T.e. MepepbIBbI MO 15

MUHYT KaX]IbI TPyI0BOU vac [26].

4.3.6. Inekmpoobezonacnocmo

CornacHo [20], B 3aBHCHMOCTH OT YCJOBHHA B ITOMEIICHHH OIACHOCTH
MOPaKEHHUS YeJIOBEKa DJICKTPUUYECKUM TOKOM YBEIMYUBACTCS WM YMEHBIIACTCS.
He cunenyer paborath ¢ OBM B ycClHOBUSIX TOBBIIIEHHONW BJIQXKHOCTH
(oTHOCUTENIbHAS BJIAXKHOCTH BO3AYyXa JIMTENbHO MpeBbImaeT 75 %), BBICOKOM
temmepatypsl (6osee 35 °C), HATMIUU TOKOIPOBOAIICH ITBUTH, TOKOIIPOBOISIIINX
MOJIOB W BO3MOXXHOCTH OJHOBPEMEHHOTO TPUKOCHOBEHHS K HMEIONUM
COCIMHECHHUE C 3eMJICH METAJUTMYECKUM DJIEMEHTaM M METAJUTMYCCKUM KOPITYyCOM
anekTpoobopynoBanus. Pabouuii kaOwHET OTHOCHTCS K 1-M KaTeropuw 1o
AIIEKTPOOE30MaCHOTH, TaK KaK Ha paboueM MeCTe OTCYTCTBYIOT JJICKTPOYCTAaHOBKH
¢ HanpsbkeHuem cBbiie 1000 B.

Oneparop DBM paboTaetr ¢ 2j1eKTponpudopaMu: KOMIBIOTEPOM (JIUCTLICH,
CUCTEMHBIM ONoK W T.4.) U nepudepuiiHpiMu ycrpoilcTBamu. CyliecTByeT
OIACHOCTb MOPAKEHUS ICKTPUIECKUM TOKOM B CJIEIYIONIUX CIIydasix:

— IIPY HETIOCPEJCTBEHHOM MPUKOCHOBEHUU K TOKOBEIYIIIMM YacTSIM BO
BpeMsi pemoHTa OBM;

- PU TPUKOCHOBEHUHM K HETOKOBEIYIIMM YaCTSM, OKAa3aBIIUMCS IO
HaIpspKeHUEM (B cilydyae HapyIIeHHs U30JISIIUY TOKOBeayux yacteit 9BM);

- Opyu TPUKOCHOBEHWH C TIOJIOM, CTEHAMH, OKAa3aBIIMMUCS O
HaIPsSHKCHUEM;

- OpyU KOPOTKOM 3aMbIKAHMM B BBICOKOBOJBTHBIX OjoKax: OJoke
MUTaHUS 1 OJIOKE TUCIIIICHHON pa3BEPTKHU.

Mepornpusatus 1no o0ecrneyeHuto 3IeKTPoOe30MaCHOCTH IEKTPOYCTAaHOBOK:

- OTKIIIOYCHUC HAIIPAKCHUA C TOKOBCAYHIUX qaCTeﬁ, Ha KOTOPBIX WJIA
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BOJIM3U KOTOPBIX OYJIET MPOBOJIUTHCS pabOTa, U MPUHATHE MEP MO 0OECIEUECHUIO
HEBO3MO>KHOCTH MOJJa4l HANPSHKEHUSI K MECTY PaOOThI;

- BBIBEILIMBAHUE IIJIAKATOB, YKa3bIBAIOIINX MECTO paOOTHI;

- 3a3€MJICHUE KOPITYCOB BCEX YCTAHOBOK U€pe3 HYJIEBOU MPOBO/I;

- ITOKPBITUE METAJUIMYECKUX ITOBEPXHOCTEN MHCTPYMEHTOB HAIEKHOMU
W30JISIIHCH;

- HEJIOCTYITHOCTh TOKOBEIYIIUX YacTeil ammapaTyphl (3aK/IIOU€HHE B
KOpITyca 3JIEKTPOITOPaXKaroIIMX JIEMEHTOB, TOKOBeAyIIHX vacteit) [20].

IIpu BeimonHenun nanHo BKP npumenen IIOBM. JlanHoe ycTpoicCTBO
NUTAaeTCs OT CETH C ceTeBbIM HampsbkeHueM 220 B mpu uwacrore 50 I'm ¢
HOMUHaIbHOW moTpedssiemoid momHocThio 0,18 kBt. Ilpum wucnons3zoBanuu
JTAHHOT'O o0opyaoBaHus CTpPOro BBIIIOJIHSJIACH TpeOOBaHUS 1o

anekrpode3zonacHocty [20].

4.4. TloxapHasi U B3pbIBHasi 0€30MaCHOCTh

CornacHo [27], B 3aBUCHMOCTH OT XapaKTEPUCTUKH HCIIOJIb3YEMBIX B
MIPOU3BOJICTBE BEIIECTB U MX KOJUYECTBA, MO MOKAPHON W B3PBHIBHOW OMACHOCTH
MOMEIIEHUs Toapa3aesitorcss Ha kareropun A, b, B, I', JI. Tak kak nomenieHue
7ab0paTopuu IO CTETICHH TOXKapPOB3PHIBOOIIACHOCTH OTHOCUTCS K KaTeropuu B,
T.e. K TOMEIICHUSAM C TBEPABIMUA CrOPAIONIMMU BEHIECTBAMU, HEOOXOIUMO
MIPETYCMOTPETh P TPODUIAKTHUCSCKIX MEPOTIPUSTHA.

Bo3MoskHbIe iprudrHbI Bo3ropanus [22]:

— paboTa ¢ OTKPBITOM 3JIEKTpoannapaTypou;

- KOPOTKHUE 3aMbIKaHUsI B OJIOKE TUTAHUS;

- HECOOJII0ICHNE TTPaBUJI TIO’KapHOU 0€3011aCHOCTH;

- HaJMYME€ TOPIOYMX KOMITOHEHTOB: JOKYMEHTBI, JBEPH, CTOJHI,
M30JISIUs KaOemel | T.11.

Mepomnpusatus 100  NOXapHOW  NpopUIAKTUKE  pa3AENAIOTCS  Ha:
OpraHU3aIMOHHBIC, TEXHUYECKUE, DKCIUTyaTallAOHHBIC U pEeXXUMHBIC [22].

OpraHu3aiMoHHbBIE ~ MEPONPUATHS  NPEIyCMATPUBAIOT  MPABUJIbHYIO
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AKCIUTyaTalio 000pyI0BaHUs, IPABUILHOE COJIEpKAHUE 3[aHUN U TEPPUTOPUH,
NPOTUBOIOKAPHBIA ~ WHCTPYKTaX  paboyux U CHOyKalmux, O0OyuyeHue
MIPOU3BOJICTBEHHOTO TEPCOHANA TMpaBUjaM TPOTHUBOIMOXKAPHON 0€30MMacHOCTH,
U3JIaHWEe UHCTPYKIINH, IJIAKaTOB, HAJTMYKE IJIaHa dBaKyanuu [22].

K TEXHUYCCKUM MEPOTIPUATHSIM OTHOCSTCS: coOroieHne
MIPOTHUBOIIOKAPHBIX TTPaBUJI, HOPM TIPH MIPOCKTUPOBAHUH 3aHHM, TIPH YCTPOHCTBE
AJIEKTPOIIPOBOJIOB M O0OPYJIOBaHUS, OTOIUICHUS, BEHTWISIUU, OCBEIICHUS,
IPaBHJILHOE pa3MelieHue ooopyaoBanus [19].

K pexXuMHBIM  MEpONpUSTUSM  OTHOCSTCS, YCTAHOBJEHUE IPaBUII
opranuzanud  paboT, ©  COONIOACHHE  MPOTUBOMOXKApHBIX  Mmep. Jlud
MPEAYyNPESKIACHAST BOSHUKHOBEHUS TMOXapa OT KOPOTKUX 3aMBIKaHUH, TIEPETPY30K
U T. J1. HEOOXOUMO COOJIOJIEHUE CIEAYIONIMX MPaBWII MOKAPHON 0€30MacHOCTH
[19]:

— UCKIIIOUCHHE  O00pa3oBaHUsi Toproued  cpeabl  (repMeTusarus
000pyI0BaHUs1, KOHTPOJIb BO3IYIIIHON CpeJibl, pabouas U aBapuiiHasi BEHTHIISIINS);

— paBUIbHAS KCIUTyaTalus o00pyoBaHUs (MPAaBUILHOE BKIIIOYEHUE
o0OpyZOBaHUSI B  CETh  DJJIGKTPUYECKOTO TUTAHUSA, KOHTPOJHh Harpena
o0opy1oBaHU);

- NpaBWIbHOE COJEpKAaHUE 3JaHUN U TEPPUTOPUN (MCKITIOYCHUE
oOpa30BaHMsS WCTOYHMKA BOCIUIAMCHEHHS - MPEAYNPEkKIACHUE CaMOBO3TOpPaHUS
BEII[ECTB, OTPAHUYCHUE OTHEBBIX PadoT);

— oOyJcHHE IIPOU3BOJICTBEHHOTO nepcoHaa paBuIam
MIPOTUBOIOKAPHOM 0€30MacCHOCTH;

- W3JIaHWe WHCTPYKIUH, TUTAKaTOB, HAJIMYKE TJIaHA YBAaKyallHH,

- coOroieHNe MIPOTHUBOITOKAPHBIX TIpaBuI, HOPM pu
MPOCKTUPOBAHUM 3JIAaHUN, TPU YCTPONCTBE SJIEKTPONPOBOJOB U OOOPYIOBAHUS,
OTOIUJICHUS, BEHTUJISIINH, OCBEIIICHHUSI,

- IpaBUIBLHOE pa3MelleHne 000py1I0BaHus;

- CBOEBPEMEHHBIN MPOPUIAKTUYECKUNA OCMOTpP, PEMOHT M HCIIbITaHUE
000opy10BaHUS.
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[Ipy BO3HUKHOBEHHH TIOKapa COOONIUTH PYKOBOIHUTENIO, OpraHam
MIPOTUBOMOXKAPHON OE30MacCHOCTH TMPEANPHUATHS W TPUCTYNHUTh K TYIICHHIO
M0Kapa OrHETYIINUTENEM.

[Tpu BO3HUKHOBEHUH aBapUIHON CUTyaluu HeoOxoaumo [22]:

- COOOIINUTh PYKOBOJICTBY (JI€KYPHOMY);

— MO3BOHHUTH B COOTBETCTBYIOIIYIO aBapuiiHyto ciayx0y wiu MUYC mo
tenedony — 112;

- MPUHATH MEPHI 110 JTUKBUAAINH TIOCICACTBUN aBapuu B COOTBETCTBUU

C HHCTpyKIHei [27].

4.5. be30macHOCTb B aBAPpUIiHO-YPe3BbIYANHBIX CUTYAUAX
45.1. Ananuz  MURUYHBLIX  AGAPUIIHO-YPE3BLIYAUHBIX  CUMYAUUI  npuU
npoeedeHUuU UCCc1e008aHUA

ABapuiiHasi CUTyalusi — COCTOSIHUE, ITPU KOTOPOM IMPOUCXOJIUT HAPYUIECHUE
yciaoBui Oe30macHOM HKCIUTyaTal, He mepemeaniee B aBapuio. CoueraHue
YCIOBUM W OOCTOSITENILCTB, KOTOpBIE OOJAAal0T TOTEHIMAIBHON YTrpo30i
BO3HUKHOBEHUS aBapuu.

UpesBbuaitnas  cutyamuss (UC) — oOcTtaHOBKa, CIOXKHUBHIAsCS  Ha
ONPENICICHHOW TEPPUTOPUU B pE3YyJIbTaT€ aBAPUM, OMNACHOTO MPUPOTHOTO
SBJICHUS, KaTaCTPO(Pbl, CTUXUMHOTO WJIM UHOTO OEICTBUS, KOTOpPas MOXKET MOBJICYb
3a cO0OM YeIOBEUECKHE >KEPTBHI, YIIEpPO 3I0POBBIO JIOJEH WM OKpYKaromei
MPUPOJIHON CpeJie, 3HAUYUTEIbHbIE MAaTepUAIIbHbIE TTOTEPU U HAPYIICHUE YCIOBUUN
JKU3HEICSITeILHOCTH JIIOJICH.

[Ipu mnpoBemeHMu ucCCAEAOBaHHWS HanbOoOJee BEPOATHOW  aBapUIHO-
Yype3BbIUYAiHON CcuTyaluen sBisietcss moxkap. Ilokap B paboueM momenieHuu
MOXET BO3HUKHYThH BCJIEJICTBUE MPUYUH HEDIEKTPUUYECKOTO U 3JIEKTPUYECKOIO
xapakrtepa. B tabmuie 27 paccMOTpeHBI BO3MOKHBIE aBapHiTHO-Upe3BBIYATHBIC

CuTyalliy, MCTOAbI 110 UX MIPCAOTBPAIICHUIO U IUKBHUAALIUA UX HOCHC,Z[CTBHﬁ.
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Tabnuna 27 — ABapuitHO-upe3BbIUYAMHBIC CUTYAIlMU, METObI UX MPEAOTBPAICHUS
W JJUKBUJIAIAS TOCJIEICTBUN

ABapuiiHo- Mertoabl npeaoTBpaleHUs JIukBHIaLMSA TOCIAEACTBUM
Ne | 4ypesBbruaiinas aBApUIHO-YPE3BbIYANHbBIX aBapUIHO-YPE3BbIYANHBIX
CHUTyalus CUTYyalHi CUTYyalHi
1) MIPOBEPSTH cocTosiHue | 1) mpu BO3HUKHOBEHHUH IOKapa
AIEKTPOTEXHUYECKUX yCTpOUCTB | 3BoHUTH 01,101,112;
Y OTOIUTENbHBIX TPUOOPOB;
2) B KaueCTBE CPEACTB TYILIEHUS
2) cobnroaTh mpaBuiia MOKAPHOM | UCIIOIb30BATh IMOPOIIKOBBIE U
0e301acHOCTH COIJIACHO | YIJIEKUCIIOTHBIE OTHETYIIUTENN
1 IToxap TpeOOBaHUAM HOPMAaTUBHOMN
JIOKYMEHTalUH;
3) nmpoBoAuTh OOyueHUE U
HUHCTPYKTaX COTPYIHUKOB,
oTpabaTbIBaTh HABBIKU
MOKapOTYIICHU;
1) He npomyckaTh MOBpPEXJEHUS | 1) OTKIIOUUTH HaAINpPsDKEHUE Ha
M30JSIIMM  TOKOBEAYIIMX YacTel | MOBPEKICHHON yCTaHOBKE;
AIIEKTPUYECKUX YCTAHOBOK;
2) OTTOPOJIUTH MECTO,
2) IIPOBOJUTH IJIAHOBBIE | TIOCTABUTh 3HAKH;
IPOBEPKH AIEKTPOOOYpPOIOBAHNUS; 3) TIpH HATHMHH MOCTPATABIINX
3) cobOmogaTh  JONMYCTHMOE | OKa3aTh IMEPBYIO IOMOIb U
Topaxkenue paccTosiHuEe MEXJy HM30JIATOpaMHU | BbI3BaThb CKOPYIO IIOMOIIb IO
2 | onextpuueckum | Y IPOBOJAMH, tenedonam 112, 103
TOKOM 4) BBINOJNHATH TPABHIA TEXHUKH
0€30macHOCTH M TEXHMYECKOU
DKCILTyaTaluHu;
5) npoBoauTh  O0yueHHE W
MHCTPYKTaX paOOTHUKOB;
6) YCTaHOBUTh 3alUTHOE
3a3€MJICHUE.
1) HeoOxomuMo yOemuTbesi, 4To | 1) mpoBecTH OCMOTp Tela |
KOMIIBIOTEPHBIE ~ TIPOBOJAA  HE | FOJIOBBl  MOCTpAJaBLIEro  Ha
HaXOJATCs Ha NyTH | HATMYUE OTKPBITBIX pPaH H
TpaBmupoBaHue | IEPEIBHKCHHUS, B clly4ae | CCaJuH;
3 B pesyllbTate | HaPYICHIA coodmuTe 2)  TOIPOCHTH  INPOM3BECTH
MAJCHUS C PYKOBOJUTEIIIO;
BLICOTLI JBUKEHUSI KOHYMKaMH TaJIbLIEB,
2) HE WCHOJb30BaTh BMECTO | YTO  IMO3BOJUT  HUCKIIIOYUTH

JICCTHHULBI CTYJI, CTOJ U T.I.;

TOBPCIKACHUS ITO3BOHOYHHKA,
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[Tponomxenue TadauIb! 27

3) He OIycCKaTh pa3MEIICHUS
000pyIOBaHUSI W JOKyMEHTAIlUU
Ha ToJIKax M ImKadax, AOCTYyI K
KOTOPBIM HEBO3MOIKEH oe3
CTPEMSHKH;

4) mepenBUrasch MO JIECTHULIAM,
BCerJa HEOOXOUMO JiepKaTcs 3a
MOPYYEHb U CMOTPETH IO/ HOTH;

5) He aepxaTh PyKH B KapMaHax,
T.K. B ciydae naIeHus
WHCTUHKTUBHBIC JBUKCHUS
MOMOTYT yJIep>KaThCs HA HOTaX;

6) HUKOIZla HE IEPEHOCUTh
NpeIMEThl, JepKa UuX T1epen
co00ii, 3aKpbIBast 0030p;

7) ouniiaTh 00yBb OT TPS3H, JIbJA
U TPOYMX 3arps3HEHHH Iepen
BXOJIOM B 3/aHUE;

8) nmpoBOAWTH OOyueHHE W

MHCTPYKTaX paOOTHUKOB

3) IBUXKEHUE pyKaMH U HOTaMu
MO3BOJIUT HUCKJIIOYHUTh HaJIU4due
HEPEIOMOB;

4) onpocuTh MOCTPANABLIETO O
HapyLIECHUIX o0uiero
CaMOYyBCTBHA:
TOJIOBOKPY>KEHHUH, COHJIMBOCTH,
TOHIHOTC — 3THU IMPU3HAKU

CBUJICTEIIBCTBYIOT O COTPSICCHUH
MO3Ta;

5) B ciydae  OTCYTCTBHS
CEepbE3HBIX TpPaBM Ha MECTO
yimba KJIayT XOJIOAHBIN
KOMIIpECC M  CONPOBOKIAIOT
IOCTPA/IABILEro A0 A0MA;

6) B ciyyae HaJIM4usl CepbE3HBIX
TpaBM HEOOXOJIMMO IIO3BOHUTH B

03(103) mmm 112 1 cooOmMTH O

CITy4YHMBIIEMCS

BbiBoaBI IO pa3aenay

B nanHoM paszenie mpoBeleH aHadu3 BPEAHBIX M OMAacHBIX (haKTOPOB,

KOTOpbIE MOTYT BO3HUKHYTh Ha pabo4yeM MECTe NpH MPOBEACHUH HCCIICIOBAHUM:

Mukpoxmumar [19];

mryMm [25];

3JIEKTPOMArHuTHOE M3nyueHue [21];
ocBemeHHoCTh [19];
ncuxodusnonornueckue ¢paxkropsl [19];
snekrpode3onacHocts [20];

TI0YKapO-B3pPhIBOOE30MacHOCTH [22].

[Tomemenue Ne 247 10 kopmryca TIIY otHeceHo:

1o 3ekTpode3onacHoctTr — K 1 kiaccy [20];

I10 [T0’KapO-B3PHIBO0E30IIACHOCTH — K KaTeropuu B [22].
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Takxe paccMOTpeHbl BO3MOXKHbIE aBapUHBIE U UpE3BbIYANHBIE CUTYAIIHH,

MCTOAbI UX IIPCAOTBPAIICHNUA U TUKBUAAITNH HOCHCIICTBHﬁ.
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Conclusions

As a result of the Bachelor’s thesis, the following results were obtained:

1.  Analgorithm for calculating the parameters of the distillation column
for obtaining enriched B at low-temperature rectification at atmospheric pressure
has been compiled, according to the algorithm, a web interface for calculating the
parameters of the installation (single separation coefficient, HETP, hydraulic
resistance of the nozzle according to NTSS) has been developed in JavaScript
using the React framework and the Vite collector. Using the Github Pages utility
hosted the developed web interface from the public Github repository.

2. It has been established that the single separation factor increases non-
linearly with a decrease in the distillation temperature to 1.0077 at minus 102 °C.
Thus, the optimal boron distillation temperature is the maximum minus 102 °C in
the studied temperature range from minus 102 °C to minus 123 °C.

3. It is shown that HETP increases nonlinearly with an increase in the
column diameter. The optimal diameter of the distillation column for BZ°
enrichment is the minimum (20 mm) in the investigated diameter range (from 20
mm to 150 mm).

4, It was determined that at the smallest diameter (20 mm) the NTSS and
the hydraulic resistance of the packing are minimal, which is optimal when
designing a distillation column.

5. It was found that the highest concentration of B? extraction after the
first column (0.2165) is achieved with the smallest column diameter (20 mm).

6. It is shown that the smallest hydraulic resistance of the packing from
the studied ones (Raschig ring and spiral-prismatic) has a packing made of Raschig

rings.
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Appendix A

EU6O0LLLIL T VdOl®
B
g C begin )
& 1
=
Initialization xF, n, Input T, cP, F, L*. L, D%, D
P, H H, nozzle type
Calculate o, €
==
E Calculate Rmin, R
S
Calculate W, P
Calculate K, h Calculate l, G
5 Calculate NTSS
E l
S Calculate Re, Z, wl
S
= @m NTSS)
<
=
g Calculate P OUf‘D[L;f end )
- results
<Q g
= PIOPA.414111.009 113
'§ Aum. | Macca | Macwmad
S| Wael Aueml N dokym. | Modn. | fama .
Puspad_[Shiraukh AD Flowchart of calculation |, '
S [Tpob. Vidyaev D.G. | 7
S T. koHmp. Aucm /ucmab
= [Havono TPU SNSE DNFC Group
3| 0492
mé. idyaev .G.
KonupoBan Popmam A4
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